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ABSTRACT 
Regul a t ion o f  transme thyl a t ion by lowe r ing the mo la r 
ra t io o f  s-ade nos ylme thion ine to s-ade nos yl homocys te i ne 
(SAM:SAH ra t io )  wa s s tud i ed . Reduct ion of  the ra t io i n  
v i tro caused a decrease i n  the a c t i v i t i e s  o f  rat  l i ve r 
t hiopur i ne me thyl t ra ns fe ra se (TPMT), thiol  me thyl -
trans fe ra se (TMT), a nd prote i n ( lys ine ) me thyl trans fe ra se 
(PLMT). Fur the rmo re ,  ra ts i njected w i t h D , L-homocys te i ne 
thiola c tone had a reduc t ion i n  the hepa t i c  SAM:SAH ra t io ,  
a s  we l l  a s  a decrease i n  the a c t ivi ties  o f  TPMT a nd PLMT, 
bu t not TMT, i n  l i ve r .  
Redu c t ion o f  the hepa tic  SAM:S�H ra t i o  i n  rats  fed a 
pyr idox i ne-de f ic ien t di e t  res ulted i n  a decrease i n  t he 
a c t iv i ty of  PLMT, bu t not TPMT a nd TMT, i n  l i ve r .  
Mo reove r ,  the levels o f  to tal ac id-soluble ca rn i t i ne 
(ASCNE ) we re lowe red i n  s kele ta l mu scle a nd he a r t  o f  t hese 
rats , bu t pa lmi ta te oxida t ion i n  vi tr� wa s not  i mpa ired i n  
e i the r  t issue . On the o the r hand , the ra te o f  pa lm i tate 
ox ida t ion i n  s ke l e ta l  mu scle decreased i n  ra t s  s ubje c ted to 
an  a ppa ren t  feed re s tric t ion ,  de spi te norma l leve ls o f  
t issue ASCNE a nd eleva ted cytochrome o x i da se a c t iv i ty .  
Phospho l i pid  me thyl a t ion wa s impa ired dur ing 
pyr idox i ne de f i c iency , above a nd beyond t ha t  seen dur i ng 
feed res tr i c t ion . A reduct ion i n  the hepa t i c  m i c rosomal 
level o f  phos pha t idyl choli ne a nd a n  eleva t ion o f  
phospha t idyl e t hanolamine wa s found , i ncongruous w i th a n  
i ncrea se i n  t he a c t iv i ty o f  phosphat idyle thanolamine 
me thyl t rans fe rase . 
iv 
Pyr idoxi ne-de fic ient rats displayed no s ign i ficant  
change in  t he a c t iv i ty of  guanidoace ta te me thyl t rans fe ra se 
i n  l ive r ,  bu t a decrease i n  a rg i nine-g lyc ine transam idinase 
a c t iv i ty of  k idney . The concentra t ions o f  c rea t i ne i n  
l ive r a nd s kele tal mu scle o f  these anima ls i ncreased , o nce 
again above a nd beyond that obse rved in feed-re s tr ic ted 
ra ts al one . No change i n  ur inary c re a t i n i ne e x cre t ion was 
demons trated . 
The da ta i nd ic a te t ha t  unde r certa in  cond i t ions , t he 
SAM : SAH ra t i o  may regula te some biochem ical processes 
rela ted to transme thyla tion . Ce l lular  compa r tme n ta l i z a t ion 
and nu tr i tional s ta te may pe rhaps de te rm ine i f  con trol i s  
poss ib le i n  v i vo . 
v 
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CHAPTER I 
I NTRODUCT ION 
The impo rtance of  transme thyla tion ,  wi th 
5-ade nos ylme th ion ine s e rv i ng a s  t he me thyl grou p  d onor ,  can 
only be f ul ly rea l i zed when cons ide ra tion  i s  g ive n to some 
of t he c ruc i al biochemical processes r egula ted by t he grou p 
of e nz yme s kn own a s  the me thyltrans fe ra se s . For e xample , 
i t  i s  ge neral ly recogn ized t ha t  transme thyla tion i s  
d i rectly impl i ca ted i n  t he b iosyn the s is o f  phos pholi pid a nd 
crea t i ne , alt hough i ts role i n  t he fo rma tion  of  ca rn i t i ne 
may not be a s  read i l y  appa rent . Ye t ,  pe rhaps eve n mo re 
i nconspicuous  i s  t he i nvo lveme nt of  transme thyla tion i n  
xe nobio t ic me tabol i sm .  Al l of  t hese proce s ses  a re o f  
immed i a te concern he re in ,  bu t by no me ans a re t hey i n te nded 
to be i nclu s ive o f  a l l  transme thyla tion react ions n eeded 
fo r ma i n tenance o f  normal p hys io log i c al f unct ion . 
In  v i ew o f  t he ir important f unct ions , t he regula tion 
of  t he me thyl trans fe rases has a ttrac ted a n  e normou s  amoun t 
of  a tte n t io n .  An impo rtant,  puta tive regu la to r  o f  t he 
me thylt rans fe rases i n  ge ne ral i s  t he absolute mo la r r a t io 
of  5-ade nos ylme thio nine to 5 -ade nosylhomo cys te ine ( 5AM : 5AH 
ra t io ) . Theore tical ly , a n  i ncrease i n  t he 5 AM : 5AH r a t io 
woul d  tend to s t imula te transme thyla tion ,  whe reas  a 
de crease i n  t he ratio would tend to i nh ib i t t h i s  reac t io n .  
I n  tur n ,  modula tion of  the 5AM : SAH r a t io i n  v i vo migh t be 
expe cted to i nflue nce biochemical processes  regu la ted by 
the me thylt rans fe ra ses . 
In the present work , t he S AM : SAH ratio  wa s a l t e red 
bot h  i n  v i tro a nd i n  vivo. The la t te r  cond i t ion wa s 
ach ieved i n  t he rat v i a  bot h pharma colog ical a nd d i e tary 
me ans . The e f fect  of  t hese al t e ra t ions o n  va r ious 
transme thyla tion react ions a nd rela ted proces ses wa s 
s tud i ed . 
2 
CHAPTER II 
REVIEW OF LITERATURE 
The Sul f hydryl Xe nobio t ic Transme thyla ses  a nd Xe no�io t ic 
Me taboli sm 
3 
Two d i s t inct s ul f hydryl xe nobi o t ic transme thyla ses a re 
prese ntly kn own to S -me thyla te a va r i e ty of  s ul f hydryl 
compounds of e xoge nous orig i n .  They have be en de s ign a ted 
sepa rately a s  thio l  me thyltrans fe rase ( TMT , EC 2 . 1 . 1.9) a nd 
thiopur i ne me thyltrans fe rase ( TPMT , EC 2 . 1 . 1 . 6 7 ) . The 
reac t ions ca talyzed by TMT a nd TPMT a re depic ted i n  F i gure 
1 ,  a nd a ppa ren tly  each e nz yme pos se sse s  a l ow s pe c i f ic i ty 
fo r t he ir respe c t ive s ubs trate s .  As ca n be seen,  
transme thyla tion  is  ach ieved u s i ng s -ade nosylme th ionine 
( SAM ) a s  t he me thyl grou p  donor,  wh ich ge ne ra tes s­
ade nosylhomo cys te ine ( SAH ) as  t he product o f  t he reac t io n .  
Wi th res pe c t  to s ubcel lula r l ocal iza t io n  a nd t issue 
d i s tr ibu t ion ,  TMT wa s f irs t repo rted a s  a m i c rosomal  e nz yme 
( 1 ) .  More recently , n ot iceab le e nz yma t ic a c t iv i ty has also 
been repo rted i n  o t her  s ubcel lula r pa rt icula te fract ions 
( 2 , 3 , 4 ) . Using ra t t issue homoge na tes , l ive r ,  lung , a nd 
k id ney have a l l reve aled rela t ively h igh leve ls o f. TMT 
act iv i ty ,  a l t hough of  al l t he t issues  exami ned , t he cecal 
a nd colon ic mucos a  has di splayed t he h ighes t c oncentra t ion 
of  t he e nz yme ( 5) . On t he othe r  hand , TPMT is e s se ntial ly 
r 
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a cytoso l i c  e nz yme ( 3 , 6 ) , wi th the grea tes t act iv i ty 
appe a r i ng to be s i tua ted i n  k idney ( 6 ) . 
Recen t wo rk has a l lowed t he character iza t ion  of  TMT . 
Using rat  l i ve r  mic rosome s ,  t he e nz yme has been so lub i l i zed 
wi th Tr i ton  X- 1 0 0 a nd pa rt ial ly pur i fied , t hus pe rm i tting 
the de te rm i na t ion  of  some phys ic ochem ical pr ope rt ies o f  TMT 
( 2 ) . No me tal r eq u i reme nt fo r t he e nz yme could  be 
demo ns tra ted , e i the r by addi tion of va r ious me tals i n  a n  
a ttemp t to s timula te TMT act iv i ty ,  o r  EDTA to de crease t he 
act iv i ty i n  t he react ion mi x ture . The empl oyme nt  o f  
s ul f hydryl reage nts , wh ich cau sed i nact iva t ion  o f  t he 
e nz yme , s ug ge s ted t he presence of  free s ul f hydryl grou ps on 
t he e nz yme e s sentia l  fo r ca tal ys is . Us ing 2-me rcapto-
e thanol as  the s ubs tra te i n  the s tanda rd a ssay , maximum 
enz yme a c t ivi ty wa s obse rved w i th in a pH range of 7 . 8 -9. 0 .  
The K fo r 2-me rcaptoethanol a nd S AM wa s 2 . 3 7 mM  a nd 1 06 m 
�M,respe c t ive ly . Mo reove r ,  SAH i nh ib i ted TMT w i th a K .  o f  1 
1 4 4 � M .  On t he o the r hand , a non-de te rge nt me thod h as also 
been de sc r ibed for  t he pur i fica tion a nd s ubseq ue n t  
character iza tion o f  homoge neou s r a t  l i ve r  m i c rosoma l  TMT 
( 7 , 8 ) . From t his  wo rk , TMT has been de te rmi ned to be a 
s ing le s ubun i t  e nz yme w i th a n  e s tima ted mo le cula r we igh t o f  
28 , 0 00 . Us i ng 2-t h ioac e tani lide a s  t he s ubs trate fo r TMT 
in  t he s ta nda rd a ssay , t he pH op t imum fo r t he e nz yme wa s 
a sse ssed a t  7 . 5 .  The appa ren t  Km for  2 - t h ioace tan ilide wa s 
de te rm i ned to be 4 3  �M , wh ile fo r SAM i t  wa s 1 �M a t  3 7° 
w i th lowe r value s  obt a i ned a s  the tempe rature wa s reduced. 
Once aga in , TMT wa s i nh ib i ted by SAH,  bu t w i th a Ki o f  
0 . 2  � M .  I t  has been s ugge s ted ( 7 , 8 ) t ha t  t he i ncongruous 
ki ne t ic da ta t ha t  have been repo rted fo r ra t l i ve r  TMT may 
be due to t he two d i f fe rent types  of  e nz yme prepa ra tions 
used to s tudy this  prote i n ,  i . e . , a de te rge nt-so lubi l i zed , 
pa rt ial ly pur i f ied ( 2 )  vs . a non-de terge nt-solubi l i zed , 
homoge neou s ( 7 , 8 ) sour ce . 
Likew i se ,  t he pur i f ica tion a nd character iza t ion o f  
TPMT h a s  also been de scribed , w i th res pe ct to t he e nz yme 
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i n  huma n kidney ( 3 ) . Gel -pe rme a t ion column chroma tog raphy 
yi el ded a n  e s t ima ted mo le cula r we igh t o f  3 6 , 0 0 0  dal to ns fo r 
the pr ote i n .  L ike i ts coun terpa rt , TPt<lT appe ars to be a 
s ul f hydryl -conta i n i ng e nz yme . Using 6 -t hiopur i ne a s  t he 
s ubs trate i n  t he s tanda rd a ssay , a pH opt imum o f  6 . 7  was  
obse rved . K va lues m fo r 6 -t hiopur ine a nd S AM we re 
de te rm i ned to be 0 .  3 0  mM a nd 2 . 7  �M ,  respe c t ively . SAH i s  
also able to i nh ib i t TPMT w i th a K i o f  0 . 7 5  � M .  
Wi th t he e x cept ion  o f  t he i r pa rtic i pa t ion i n  
xe nobi o t ic me taboli sm ,  t he phys io log ical role s o f  TMT a nd 
TPMT r ema in qui te obscure . A t temp ts to ide n t i fy e ndoge nou s 
s ubs tra te s  fo r e ach e nz yme h ave been uns uc ces s ful . Among 
the phys iolog ical s ul f hydryl compounds tes ted , n e i t he r  
g lu ta t h ione , cys te i ne ,  nor homo cys te i ne a ppe ar t o  be me thyl­
accep ting s ubs trates  in t he prese nce o f  SAM a nd TMT 
( 1 , 2 , 7 ) . On t he o t he r  h and , i t  has been s hown t ha t  al l 
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three of t hese e nd oge nou s thiols , bu t not me th ionine , can 
each i nh ib i t TPMT ( 6 ) .  Th is  has r a i sed t he pos s ibi l i ty 
tha t the se pa rt icula r compounds ma y be e nd oge nous 
s ubs tra tes  fo r TPMT , al t hough no research has been 
presented to e i the r conf irm or refute t h i s  pos s ibi l i ty 
un til  j u s t  recen tly . Wo rk has be en prese nted ( 9) t ha t  
g lu ta t h ione i nh ib i ts TPMT  v i a  ch angi ng t he react ion  m i x ture 
pH away from t he op t imal  range . Moreove r,  chr oma tographic 
ev ide nce i ndica ted t ha t  g lu tathio ne i s  not an e nd oge nou s 
s ubs tra te fo r TPMT . As s uch , o ne ca n only s pe cula te a s  to 
t he ide nt i ty of e nd oge nou s s ubs tra tes fo r TPMT . I n  s l i g h t  
con tras t ,  i t  h a s  been proposed t ha t  TMT may f unct ion i n  t he 
de toxica tion  o f  11e ndoge nou s" hydroge n s ul f ide ge nera ted 
by t he gu t f l ora , i n  v i ew of t he h igh concen tr a t ion  o f  TMT 
in gu t mucos a  { 5 ) .  I n  addi tion,  recent rese arch has  
s ugge s ted a nove l role for  rat lung TMT in  t he i nd i rec t  
me thyla tion of  fa tty a c ids ( 1 0 , 1 1 , 1 2 ) , a l t hough t he 
phys io log ical s ign i f icance of  t his  f i nd i ng i s  not c le a r .  
I t  i s  certa i n  t ha t  ma ny fo re ign c ompounds  ca n be 
me tabolized e i t he r  d i rectly o r  i nd i rectly by t he s ul f hydryl 
xe nobi o t ic transme thyl a ses . L ike o t he r  xe nobio t ic ­
me tabol i z i ng e nz yme s ys tems , b o t h  TMT a nd TPMT exh ib i t a 
s pe c i f ic i ty fo r a w ide range of  s ubs tra tes . I t  i s  l i kely  
t ha t  S-me thyla t ion prov ide s a me ch anism for  e i t he r 
bioact iva t io n  o r  de toxica tion . In  some ca ses , howeve r,  i t  
i s  not known a s  to wh ich one of  the two processes i s  
ach ieved a s  a res ult  o f  ca talys is by TMT o r  TPMT . 
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TPMT i s  i nvo lved i n  t he me taboli sm o f  a numbe r of  
impo rtant d rugs , pe rhaps the mos t important be ing 6 -
me rcap topur ine ( 6 -MP ) . The pha rma cothe rapeu t ic po tent ial 
of  t h i s  t h iopur i ne has been known fo r ma ny ye a rs . Wh ile 
also pos ses s i ng , immunos uppress ive act iv i ty ( 1 3 ) , 6 -MP i s  
pe rhaps be tte r  recogn ized a s  a po tent a nt i neopla s t ic d ru g ,  
espe c i al ly i n  t he trea tme nt o f  leu kem i a  ( 1 4 ) . The e f ficacy 
a nd/o r to xic i ty of  6 -MP i s  a pparently  regula ted by i ts 
biotrans fo rma t ion  to a h ighly act ive a nabol i te ,  v i a  t he 
ca tal yt ic a c t ion  of  TPMT . More s pe c i fical ly , r esearch has  
s hown t ha t  tumo r cel ls have t he capac i ty to  conve rt 6 -MP 
a nd also 6 -MP r ibonuc le os ide to 6 -me thyl -MP r ibonuc le ot ide 
( 15 , 16 ) .  Th is  produc t i s  a ve ry powe rf ul i nh ib i to r  o f  
phos pho r ibos yl p yr op hos pha te ( PRP P )  amidotrans fe rase 
( EC 2 . 4. 2. 14) ( 17 , 18 ) , cons ide red to be t he ra te-l i m i ting 
e nz yme i n  pur i ne bios yn thes is a nd a pr ima ry targe t s i te of  
6 -MP in  d i sru pt i ng nu c le ic a c id bios yn the s i s .  Fur t he rmo re , 
t he d i rect e nz yma t ic me thyla tion of  t he t h iopur i ne 
nuc le ot ides  h as also been docume nted , a s  e xempl i f ied by t he 
f indi ng t ha t  6 -MP r ibonu c le ot ide ca n read i ly accept t he 
me thyl g rou p from S AM i n  t he prese nce o f  TPMT from 
mammal i an cel ls ( 19 ) . Mos t impo rtantl y , 6 -me thyl -MP 
r ibonuc le ot ide i s  much mo re po tent a s  a n  i nh ib i to r  o f  
PRPP-am idotrans fe rase t han i ts non-me thyla ted form (17 , 18 ) . 
The re fo re , S-me thyla tion of  6 -MP , o r  i ts nuc le ot ide 
de r iva t ive , by TPMT appe ars to be ve ry i nflue ntial  i n  
de te rm i n ing t he po tency o f  t h i s  t h iopur i ne a s  a 
chemo t he rapeu t ic age n t .  
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TPMT i s  a lso i mpl ica ted i n  t he me taboli sm o f  t he rena l 
trans pla nt immunos uppressant ,  aza th iopr i ne ,  s ince this  
pa rt icu la r  d rug  is  c onve rted to  6 -MP dur i ng i ts me taboli sm . 
In  addi t io n ,  TPMT i s  respons ib le fo r t he S -me thyla tion o f  
some o t he r  rela ted d rugs , i nc lud i ng t he a nt i thyroid a nd 
antineopla stic  age nts , 2- t h iourac il  a nd 6 -t h iogua nine ,  
respect ive ly ( 6 ) . I t  has be en repo rted t ha t  me thyla tion of  
t he r ibonu c le ot ide de riva tive of  6 -t h iogua nine reduces i ts 
poten tial  to i nh ib i t PRP P-amid otrans fe rase , howeve r (20) . 
Recentl y , i t  has been o bse rved t ha t  TPMT c a n  S-me thyla te 
some o t he r  type s  of xe nobiot ics , s uch a s  t he a roma tic 
t h io ls , i nclud i ng t hios al i cyl i c  a c id , t h iophenol , a nd 
me rcapto acetani l ide ( 2 1 ) . 
A d i ve rs i ty of  exoge nou s s ubs trate s ,  bu t e s se n t ial ly 
al i pha t ic t hio ls ,  a lso e x i s ts fo r TMT . Some o f  t he 
compounds S-me thyla ted by TMT i nclude hydroge n s ul f ide a nd 
me thane thiol  ( 1 ) ,  a s  wel l a s  some o t he r  alkane t hio ls ( 2 2 ) . 
I t  i s  probab le t ha t  me thy la tion of  pa rt icula rly H2s ,  a s  
we ll a s  CH3SH ,  cau ses  a reduc t ion i n  t he to xi c i ty o f  t hese 
nox i ou s  compounds , as t hey a re u l t ima tely trans fo rmed to 
d i me thyl s ul f ide , pe rhaps to a la rge ex tent  i n  t he 
i n tes tinal mucos a  { 5 ) .  As a ma tte r  of  fac t ,  t he ge ne ra t ion 
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o f  H2s a nd some a l ka ne t hio ls beyond t he me taboli c  capac i ty 
to de to xi c a te t hese s ubs tra tes for  TMT i n  l i ve r  may be 
respons ib le fo r me thionine to xic i ty ( 2 3 ) , a nd also  some o f  
the c li nical ma n i fe s ta t ions s een i n  l ive r c i rrhos is  ( 2 4 ) . 
For example ,  i t  has been s ug ges ted t ha t  CH3 SH ma y be a 
con tr ibu t ing facto r  i n  t he e t iology of  hepa tic coma , by 
v i rtue of  i ts a ne s the tic-l i ke e f fe ct s  o n  membranes ( 2 5 ) . 
In  addi t ion  to 6-me rcaptoethanol a nd 2 , 3-dime rcaptopropa nol 
( Br i t ish An t i-Lew i s i te ,  B AL )  { 1 , 7 ) ,  d i s ul f i ram ca n also 
serve as a s ubs tra te fo r TMT ( 2 6 , 2 7 ) . D i th io t hr e i to l  d oes 
not appe ar to be a s ui tab le s ubs trate fo r r a t  l i ve r  TMT 
( 7 ) ,  i n  c on tras t to t he e nz yme i n  bra in ( 28 ) . Re cently , 
t he a nt i hype rtens ive d ru g ,  captopr il , wa s demo ns tra ted to 
unde rgo S -me thyla tion i n  t he prese nce o f  TMT , both i n  vi tro 
( 29 )  a nd i n  v i vo ( 3 0 ) . 
Due to t he l ow s pe c i fici ties of  bot h TPMT a nd TMT fo r 
s ubs tra te ,  i t  i s  pos s ib le t ha t  t hey may a l so s ha re a few 
commo n  s ubs tra tes  w i th one a not he r .  For i ns tance , TMT has 
been repo rted to s-me thyla te 2-me rca p toac e tanil ide , 
4-chl orot hiophe nol , p henyl s ul f ide , a nd 4 -n i trothiophenol 
( 7 ) . These compounds a re esse nt i al ly a roma t ic t h io ls . 
Recentl y ,  howeve r,  i t  wa s repo rted t ha t  TPMT ca n also 
S-me thyla te some a roma tic  t hio ls ( 2 1 ) , i ncludi ng t he f i rs t 
a nd t hi rd compounds l i s ted above . In  addi tion ,  
6-me rcaptoetha nol  is  a s ubs tra te fo r TMT ( 1 , 2 , 7 ) a nd a t  
h igh concentrat ions fo r TPMT ( 31 ) . Neve rt hele s s ,  i t  has 
been a sse rted t ha t  TPMT a nd TMT a re d i s t i nct e nz yme s w i th 
di f fe rent  s ubcel lula r local i za t ions ( 3) .  Othe r  resea�ch 
( 32 )  seems to s uppo rt t his  con tentio n .  
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I t  woul d  appe a� t ha t  ma ny xe nobiot ics capable of  be ing 
conjuga ted to g lu t a th ione dur ing de toxica tion  may also have 
t he poten tial of be ing i ndi rectly me thyla ted by t he 
s ul f hydryl xe nobi o t ic transme thyla ses dur i ng f ur t he �  
me tabol i sm .  The scheme depict ing t his pos s ib i l i ty ( 33) i s  
s hown i n  Figure 2 .  As can be seen,  o nce t he appropr i a te 
xe nobio t ic i s  conjuga ted to g lu tath ione , i t  i s  
e nz yma tical ly c le aved to a cys te i ne conjuga te . Th i s  
produc t ca n t he n  be N-ac e tyla ted to ge ne �a te a me rcaptur ic 
a c id de r iva t ive t ha t  i s  mo re read i ly ex cre table . 
Alterna t ive l y ,  t he cys te ine conjuga te may be me taboli zed 
t hrough the so-cal led t hiome thyl s hun t ( 34 ) , e n ta i l i ng t he 
ca talyt ic a c t ions of  a cytoso lic cys te i ne c on juga te 8-lya se 
( 35 , 36 ) a nd TMT . Esse n t ial ly ,  t he fo rme r e nz yme produces a 
xe nobi o t ic me tabol i te conta i n i ng a free s ul f hydryl group,  
wh ich can  be s ubseq ue ntl y  me thyla ted by TMT . For e xample , 
wo rk i n  v i tro has demo ns tra ted t hat  t he cys te ine conjuga te 
of 2 , 4-di n i trobe nze ne i s  c onve rted to 2 , 4-d i n i trobe nze ne 
t h io l ,  p yruvi c  a c id ,  a nd ammonia  i n  t he prese nce o f  
pa �t ial ly pur i fi ed cys te i ne con juga te 8-lya se ( 35 ) . 
Mo reove r ,  t he cys te i ne conjuga te o f  2 , 4-d i n i trobe nze ne a nd 
p-bromo be nze ne a re conve rted to t hiome thyl -con ta i n i ng 
me tabol i tes  i n  t he prese nce o f  cys te i ne conjuga te a -lya se 
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and hepa tic mic rosome s con ta ining TMT act iv i ty ( 3 5) .  In 
addi t ion to t hese a roma t ic conj uga tes ,  a l i pha t ic 
de r iva tive s ,  s uch a s  S-1 , 2-dichlorov i nyl -L-cys te i ne ,  ca n 
also se rve a s  s ubs trates fo r cys te i ne conjuga te B-lya se 
( 3 6 }. Although TMT i s  c le arly impl ica ted i n  t he 
s-me thyla tion of  a roma tic t hiols i n  t he t hiome thyl s hun t 
( 3 5}, i t  i s  pos s ib le t h�t TPMT may f unct io n s im i la rly i n  
this  nove l pa thwa y ,  cons ide ring t ha t  TPMT ca n S-me thyla te 
the a roma t ic thiols a s  wel l ( 2 1}. 
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The f ul l  s ign i ficance o f  t he t hiome thyl s hun t i s  n ot 
known . Howeve r,  i t  i s  appa rent  t ha t  cys te i ne conjuga tes , 
a s  we l l  a s  g lu ta t h ione conjuga tes ,  a re nephroto x i c  ( 3 3 ) . 
The n to o,  i t  has been s a id t ha t  cys te i ne conjuga te 8-lya se 
could ge nera te s ul f hydryl -con ta i n i ng produc t s  wh ich would 
also be expe cted to be to xic  ( 3 4 ) . There fo re ,  o nce 
conjuga t ion of  a s ui tab le fo re ign c ompound w i th g lu t at h ione 
has occurred , t he t hiome thyl s hun t may prov ide a n  a u x i lia ry 
pa thway to n ega te t he po ten t ial to x i c i ty o f  me taboli tes 
t ha t  may e scape me rcaptur ic a c id fo rma tion , e s pe c i al ly 
a f te r  xe nobio t ic ove rexpos ure . As s uch , s-me thyla tion  o f  
s ul f hydryl me tabol i tes  by TMT ( TPMT?) wou ld  c omple te t he 
f inal s tep i n  what woul d a ppear to be a de toxica t i ve role 
fo r t he s hun t .  I ndeed , t hiome thyla ted me taboli tes  o f  
phe nace t i n  ( 3 7 ) , propranolol ( 3 8 ) , a nd n aphthal e ne ( 3 9 )  
have been ide n t i fied a s  ur ina ry produc ts a f te r  
admi n i s tra t io n  o f  t hese a roma tic xe nobi o t ics . 
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The regula tion o f  the s ul f hydryl xe nobiot ic 
transme thyla ses  has not been i nve s t iga ted to a n  a pprec i ab le 
exten t .  Neve rt heless ,  some progress has been made a t  
ide nti fyi ng factors wh ich ca n con trol t he a c t iv i t i es o f  
TPMT a nd TMT . Dur i ng a 1 4-we ek s tudy i nvo lv i ng ma le 
Sprague -Dawley rats , t he act iv i ty of  k idney TPMT i ncreased 
from bi rth ,  reach i ng a pe ak a t  abou t 1 0  weeks of age ( 4 0 ) . 
Moreove r,  i t  has been obse rved t ha t  mal e  rats  d i splay 
h igher TPMT ac t iv i ty i n  k idney t han the ir age -ma tched 
femal e  c oun te rpa rts , wh ich i s  bel i eved to be due to t he 
regula t io n  o f  TPMT by tes tos terone ( 4 1 ) . Fi nal ly , t he 
act iv i ty leve l s  o f  TPMT a nd TMT may be unde r hered i tary 
con trol , wh ich has been s ugge s ted to expla in t he i nd i v idual 
va r ia t ion i n  t he ab i l i ty to me taboli ze s ul f hydryl drugs 
( 4 2 ) . Need le ss to s ay ,  mo re rese arch i s  needed o n  t he 
regula tion o f  t he s ul f hydryl xe nobi o t ic transme thyla ses .  
Prot e i n LL ys ine ) Me thyl trans fe rase , Ca rn i t ine B ios yn the s is 
a nd Fa t t y  Ac id Ox ida tion 
Transme thyla tion is  i nvo lved i n  the pos t-transla tio nal 
modi f ica tion of prot e i n  ma cromo lecule s .  Thr ee type s  o f  
SAM-depe nde nt prot e i n  me thyl trans fe rase s have been 
d i s t i ngui shed ( 4 3 ) , e ach capable o f  trans fe rr i ng me thyl 
grou ps from S AM to ami no a c id s ide cha i ns . Of immed i a te 
i nteres t here i s  prote i n ( lys ine ) me thyl trans fe ra se ( PLMT , EC 
2 . 1 . 1 . 4 3 ) , i . e . , prote i n  me thyla se I I I ,  wh ich ca talyze s  t he 
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me thyla tion of  t he E-am i no group  of  lys ine res idues , 
espe c i al ly i n  h is to ne ( 4 4 , 4 5 ) . PLMT i s  a nu c le a r  e nz yme 
wi th grea te s t  act iv i ty l ocal i zed i n  t he t hymu s  a nd s pleen,  
w i th i n te rmedi a te levels of e nz yme a c t iv i ty i n  l i ve r, a nd 
low amoun ts i n  heart a nd muscle of  t he ra t ( 4 4 ) . The 
ove ral l role of PLMT i n  protein  me thyla tion a nd i ts f ul l  
bi olog ical s ign i f ic a nce have been de sc ribed elsewhe re (4 3 ) . 
One ve ry i mpo rtant f unct ion of  PLMT i s  to s uppo rt t he 
fo rma tion  o f  ca rn i t i ne .  The biosyn the s is o f  ca rn i t i ne has 
been f ul ly rev i ewed ( 4 6 ) . As i l lu s tr a ted i n  F igure 3 ,  
ca rn i t i ne b i os yn thes is i n  mammals i s  i n i t ia ted by PLMT , 
wh ich ca talyze s  t he me thyla t ion o f  lys ine res idues prese nt 
i n  pr ote in  ma cromo lecules s uch as h is to ne ,  myos i n ,  a nd 
act i n .  I t  i s  unknown whe ther t he e nt i re me thyla tion 
seq ue nce is augme nted by a s ing le me thyltra ns fe ra se . On 
the o the r hand , SAM-6 -N-L-lys ine me thyltrans fe rase prese nt 
in  m i c robes  can ca taly ze al l t hree me thyla tion  react ion� to 
produc e  E-N-tr ime thyl-L-lys ine from free lys ine dur i ng 
ca rn i t i ne b i os yn the s is .  In  a ny eve nt ,  protein-bound 
E-N-tr ime thyl -L-lys yl r es idues ca n be l ibe ra ted v i a  
lysosomal a c t ion to al low ca rn i t ine bios yn thes is to 
proceed i n  a nimals . 
Once ca rn i t i ne has been s yn the s ized , w i th the l a s t  
reac t ion i n  the bios yn the tic pa thway o ccurring almos t 
ex clu sive ly  i n  l i ve r  ( 4 7 , 4 8 , 49 ) , i t  e nte rs t he b loods tream 
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Figure 3. Biosynthesis of carnitine in mammals 
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s kele tal musc le a nd heart . The u ptake o f  ca rn i t ine i n to 
s ke le tal  musc le i s  beli eved to be cons is te n t  w i th a n  
energy-depe nde nt act ive transpo rt me chan ism , wh ich has a 
h igh a f f i n i ty fo r ca rn i t ine wi th ra te o f  transpo rt 
sa tura ted a t  h igh s ubs tra te concentra t io n  ( 50 ) . S im i la rly , 
ca rn i t i ne i s  also act ively  transpo rted i nto heart c el ls 
w i th the rate de pe nde nt on i nduc ib le prote i n  ca rr ie rs ( 51 ) .  
The biochem ical f unct ion of  ca rn i t i ne i n  facili tat i ng 
the a-oxida tion  o f  fa tty a c ids i s  wel l e s tab li shed 
( 52 , 53 , 54 ) . Th i s  esse n t ial compound pa rt ic i pa tes i n  t he 
me taboli c  scheme depicted i n  Figure 4 .  In  e s se nce , by a 
ca rn i t i ne-depe nde nt process , the fa t ty a cyl grou ps a re 
i n i t ial ly trans fo rmed to a cyl ca rn i t i ne de r iva t ive s ,  a 
conve rs ion o ccur ring a t  the outer face of  t he i nner 
mi to cho nd r ial membra ne unde r the i nflue nce o f  
•ca rn i t i ne : acyl CoA trans fe rase I .  Nex t ,  t he acylca rni t i nes 
a re transpo rted i nwa rds by a ca rni t i ne-acyl ca rn i t i ne 
transl oca se s ys tem ( 5 5 )  t hrough the i nne r m i tocho nd r ial 
memb rane , t hus reach ing t he mi to cho nd r ial ma tr ix borde r .  
Fi nal ly , t he a cyl grou ps a re libe ra ted i nto t he ma tr ix  
t hrough ca rn i t i ne : a cyl CoA trans fe rase I I  fo r oxida t ion a nd 
entry i nto t he c i tr ic a c id cyc le , wh ile t he ca rn i t i ne 
fract ions a re e xpo rted ou twa rds by t he transl oca se s ys tem 
to f unct ion aga in i n  t he f a t ty a c id trans po rt cyc le . 
I t  s hould be ev ide nt t ha t  ma in tena nce o f  s u f fic i en t  
ca rn i t i ne levels may be a n  impo rtant fa cto r i n  al low i ng 
c7to11ol 
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fa tty a c id oxida tion to pr oceed a t  a n ormal rate to me e t  
the phys iological  e ne rgy dema nds . S i nce PLMT ca taly zes  t he 
f i rs t  s tep i n  t he bios yn the t ic pa thway of  ca rn i t i ne , i t  i s  
pos s ib le t ha t  modula ting t he act iv i ty o f  t his  e nz yme may 
i nflue nce cel lul a r levels  of ca rn i t ine .  Research i s  needed 
on t he regula tion o f  PLMT , s ince l i ttle i f  a ny wo rk h as 
been done i n  t h i s  a rea . 
Phos phat idyle thanolami ne Me th�ltrans fe rase , Phos ph�l i pid 
B ios yn the s i s  a nd Biomembra ne Funct ion 
There a re two ma jo r pa thwa ys fo r t he biosyn thes is o f  
phos pha t idyl cho l i ne ( PC ) , a n  impo rtant  s tructural c ompo nen t  
o f  t he e nd opla smic  ret iculum a nd o t he r  membrane-con ta i n i ng 
pa rts of  t he cel l .  The f i rs t  rou te u t il i z e s  cho li ne a nd 
t he cyt id i ne coenz yme s ( 5 6 ) , wh ile t he o t he r  pa thway ( 5 7 )  
i nvo lve s the SAM-depe nde nt me thyla tion o f  p hos phat idyl­
e thanolam i ne ( PE )  by phos pha t idyle thanolam i ne me thyl ­
trans fe rase ( PEMT ,  EC 2 . 1 . 1 . 17 ) . Al t hough t he r a te o f  PC 
bios yn thes is v i a  t he fo rme r rou te is cons ide rab ly h igher 
t ha n  t ha t  of  t he me thyl a tion pa thway ( 5 8 ) , t he l a t te r  
pa thway i s  of  concern he re a nd i s  po rtrayed i n  Figure 5 .  
In  rat  l i ve r mic rosome s ,  i t  i s  bel i eved t hat  two 
me thyltrans fe rases may be i nvo lved i n  t he c onve rs ion o f  PE 
to PC ( 5 9 ) .  PEMT I catalyzes  t he i ni t ial  me thyl a t io n ,  a nd 
i t  has a h igh a f f i n i ty fo r SAM ( Km < 1 � M ) , pH opt imum o f  8 
a nd is act  iva ted by 1'<1g ++. On the o t he r  hand , PEMT I I 
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F igure 5 .  Formnti on of phosphatidylch�line from 
phosphat idy lethanolamine via transmethylation N 0 
ca talyze s the second a nd t hi rd me thyla tion reac t io ns , a nd 
i t  d i splays a l ow a f f i n i ty fo r SAM ( Km - 6 7 11M ) a nd a pH 
opt imum o f  1 0 . As s uch , the conve rs ion of PE to i ts 
monome thyl de riva tive i s  t he rate l i m i t i ng s tep i n  t he 
fo rma tion  of  PC ( 6 0 )  v i a  t he me thyla tion pa thway . 
Moreove r ,  SAH i s  a compe t i t ive i nh ib i to r  w i th res pe c t  to 
SAM of  PEMT ( 6 0 , 6 1 , 6 2 , 6 3 ) . 
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The mos t w idely a ccepted mode l for  t he s tructure o f  
cel l membra nes  i s  t he 11 fluid-mos a ic11 c oncept ( 6 4 , 6 5 , 6 6 ) , 
wh ich dep i c t s  a dynamic s ys tem c ons i s ti ng e s se nt ial ly o f  
f unct ional , g lobula r prote i ns imme rsed i n  a f l u id ic  
phos pho l i p id bi laye r ma tr ix .  Us ing m i c rosomal f ragme nts 
from t he hepa tic e ndopl a smic  r e t iculum , a c ompa rat ive s tudy 
has reve aled t ha t  t he phos pho li pid c ompos it ion o f  t hi s  
membrane frac t ion i s  s im i la r  i n  huma ns a nd rats  ( 6 7 ) . PC 
a nd PE a re t he ma jo r componen ts , a nd c ompr i se roughly 5 0  
a nd 2 5% ,  res pe c t ively , o f  t he to tal p hos pho li pid . 
The membra ne phos pho li pid may a ssume s ign i f icance i n  
t he f unct ion o r  asso c i a ted a c t ivi ty o f  t he e nd opla sm i c  
ret iculum . Fo r e xample , w i th respe ct to xe nobiot ic 
me tabol i sm ,  adm i nis tra t ion o f  p henoba rbi tal to rats  cau sed 
a n  i ncrease i n  phos pho lipid con tent ,  e s pe c i al ly PC,  a l ong 
w i th prote i n  i n  l i ve r  mic rosomes ( 6 8 ) . The i ncrease i n  PC 
wa s a sso c i a ted w i th i ncreases i n  t he i n  v i vo i ncorpo ra tion  
o f  rad i o label ed me thyl grou ps i nto PC a nd i n  t he s pe c i fic  
ac t iv i ty of  PEMT . Thus , these f i ndi ngs i nd i ca te t hat  PC  
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may s uppo rt xe nobi o t ic me taboli sm by fac i l i ta t i ng t he 
ca talyt ic e f fe c t s  of  cyto chrome P-4 5 0  a nd NADPH-cyto chrome 
c reduc tase , s ince PC i s  req ui red fo r s ubs trate 
hydroxyla tion  by t hese two membrane-bound prote i n  
componen ts o f  t he m i xed- f unct ion o xida se sys tem ( 6 9 , 7 0 ) . 
The impo rtance o f  phos pho l i pid i n  regula t i ng t he act ivi t ies 
of  membrane-bound e nz ymic  prote i ns has be en f ur t he r  
rev i ewed ( 71 ) . 
Phos pho l i pid me thyla tion has also been i mpl ica ted i n  
t he f unct io n  of  certain  recepto r  prot e i ns of  t he pla sma 
membrane . I n  t his  rega rd , pe rhaps t he mos t s tudi ed has 
been t he S -ad renerg i c  recepto r  s i te . Cur re n t  bel i e f  
( 72 , 73 , 7 4 )  e nv i s io ns this  membra ne-bound prote i n  pos i tioned 
to t he e x t e r io r  s urface of t he plasma membra ne .  B i nd i ng 
of  a n  a ppropr ia te ho rmo ne o r  ago ni s t  to t he recep to r cau ses  
act iva tion o f  PEMT , wh ich proceeds to  ca taly ze phospho li pid 
me thyla t io n .  The ge ne ra ted p hos pho li pid spe c i es apparently 
lowe rs the mi c rov i scos i ty of  t he bi laye r .  The i ncrease i n  
membrane f l u id i ty al lows t he recepto r to move la teral ly 
w i thin  the bilaye r ma tr ix ,  e nab l i ng i t  to c ou ple w i th t he 
ade nyla te cyc la se prote i n  embedded to t he i nte rior  s urface 
o f  t he pla sma membra ne .  Cou pl i ng act iva tes ade nyla te 
cyc la se , wh ich t hen ca talyze s  t he produc t io n  o f  c -AMP . 
Thus, t h i s  scheme o f  eve n ts i s  proposed to be prereq ui s i te 
fo r e l i c i ta t ion o f  t he phys io log ical respo nse by t he 
ho rmo ne o r  agonis t .  
Wh ile  i t  appe ars tha t  the B-adrenerg ic recep to r may 
regula te phos pho l i pid me thyla tion,  o ne ca n a rgue t ha t  
phos pho li pid me thyla tion may regula te t he B-ad renerg i c  
recep to r .  Rega rd less , i t  seems t ha t  modula tion of  t he 
pla sma membra ne phos pho li pid con ten t  by PEMT i s  of  pr ime 
impo rtance . Th is fur the r appe ars to be t he ca se wi th 
respe ct to membra ne-bound transport sys tems , s uch as t he 
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one i nvo lved i n  t he al dos terone-s t imula ted trans po rt o f  
sodi um ( 7 5 ) . There fo re , mo re knowled ge i s  needed o n  t he 
regula tion  of PEMT , s ince PC biosyn thes is  v i a  t he me thyla t ion 
pa thway may con tr ibu te to biomembra ne i ntegr i ty a nd f unct ion .  
Gua nid���e ta te Me thyltrans fe rase a nd Crea t i ne Me tabol i s �  
The comple te pa thway fo r t he fo rma t ion  of  c rea t i ne i n  
t he rat  wa s dep i c ted n early four a nd a hal f  de cade s ago 
( 7 6 ) . B ios yn the s i s  of this  compound i n i t ial ly requi res t he 
ge nera t io n  of gua n idoace ta te i n  kidney from a rg i n i ne a nd 
g lyc i ne i n  t he presence of  a rg i n i ne-g lyc i ne transamidi nase 
( AGTA ,  EC 2. 1. 4. 1 ) . Gua nidoacetate i s  t hen me thyla ted i n  
t he l i ve r  by gua n idoaceta te me thyltrans fe rase ( GAMT , EC 
2. 1. 1. 2 )  to produce c rea tine ,  w i th S AM se rv i ng a s  t he 
me thyl grou p  donor . Once syn thes ized , c rea t i ne pres umab ly 
e x i ts t he l i ve r  to be take n u p  a nd appa rently concen tr ated 
pa rt icula rly by musc le t issue . The moveme n t  o f  c rea t i ne 
from t he bloods tream i nto musc le t issue i s  be l i eved to be 
fac i l i ta ted by a s a turab le , e ne rgy-req ui r ing sys tem , wh ich 
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i s  capable o f  f unct ion i ng aga ins t a concentration grad i en t  
( 7 7 ) . I t  h as been repo rted t ha t  t he concentr a t io n  o f  
c rea t i ne i n  res t i ng mu sc le i s  about 1 2- fo ld h igher t ha n  
t ha t  o f  b lood pla sma ( 7 8 ) . 
Once u ptake has occurred , c rea t i ne f unct ions i n  a n  
e nerg y  s hu t tl e  ( 7 8 ) . I t  i s  phos pho ryl a ted i n  t he prese nce 
of ATP a nd c rea t i ne phos phoki nase ( CPK,  EC 2 . 7 . 3 . 2 ) , a nd 
t he phos phocrea t i ne fo rmed s e rves a s  a rese rvo i r  o f  h igh 
e ne rg y . When cond i tions favor i t, e . g . , muscle 
contract ion , CPK works i n  reve rse fo r t he c onve rs ion o f  ADP 
to ATP . Thus , e ne rgy i s  read i ly ava ilable to muscle a nd 
othe r  t issue s  due to t he prese nce o f  p hos pho cre a t i ne . On 
t he o ther h and , t he spo n taneou s  dep hos phoryla tion o f  
phos phocrea t i ne i n  musc le also o ccurs , wh ich ge nera tes 
c rea t i ni ne . S i nce i t  has no f unct ion ,  c rea t i n i ne i s  
ex cre ted a s  a wa s te product by t he k idneys . Figure 6 
s umma r ize s t he bios yn the s is of  c rea t i ne a nd i ts me taboli sm .  
GAMT appa re n tl y  has t he capa c i ty to c ons ume a 
s izable amoun t o f  SAM . I t  has been s a id t ha t  c re a t i ne 
me taboli sm i s  respons ib le fo r u t i l i z i ng abou t 7 5% o f  t he 
n e t  me thioni ne t ur nove r ( 79) , a s  o rig i nal ly conc luded ( 8 0 ) . 
Si nce t he da ily d i sposal of c rea t i n i ne represe nts a l os s  of  
me thyl grou ps , this  conclu sion may i nde ed be val id i f  
repl e n i s hme n t  of  c rea t i ne i s  to be a ch ieved . 
I t  i s  ev ide nt tha t  GAMT i s  und oubted ly t he key e nz yme 
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Figure 6.  Biosynthesis o f  creatine and its metabolism 
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has been pur i fied from both r a t  ( 8 1 )  a nd p i g  ( 7 9) l ive rs .  
The rat  e nz yme a ppe ars to be a mo nome ric prote in w i t h a n  
e s t ima ted mo lecula r we igh t o f  2 6 , 0 00 .  A s im i la r  val ue has 
been obt a ined fo r t he pig e nz yme . GAMT h as been s hown to 
req ui re free s ul f hydryl grou ps fo r a c t iv i ty� t he oxidized 
e nz yme s hows no a f f i n i ty fo r SAM ( 8 1 ) . Once aga in ,  SAH i s  
a s trong regu la to r  o f  GAMT ( 79, 82 ) ,  act ing a s  a compe t i t ive 
i nh ib i to r  w i th SAM. A de epe r probe i nto t he na ture of t his  
i nh ib i tion  wi th respe ct to  GAMT , a s  wel l as  t he o t he r  
me thylt rans fe rase s ,  fo llows. 
Regula tion  of Transme thyla ti�n by S-Ade nosylhomo c���e i � 
a nd Rela ted Compounds 
The me tabol i sm of me thion i ne v i a  t he ge neral pa thway 
dep i c ted bel ow i n  Figure 7 o f fe rs a pe rs pe ct ive fo r 
d i scu ss i ng pos s ib le con trol o f  t he me thyltrans fe rases by 
SAH. As can be seen,  o nce act ive me thionine ( SAM ) has been 
fo rmed , t h i s  compound ca n f unct ion a s  t he me thyl grou p  
donor i n  nume rou s transme thyla t ion react ions. S AH i s  
produc ed a f te r  me thyl group trans fe r .  I n  turn ,  S-ade nos yl­
homo cys te i ne hydrola se ( EC 3 . 3 . 1 . 1) is able to ca taly ze t he 
reve rs ib le c le avage of  SAH to homo cys te ine a nd ade nos ine,  
a l t hough the equi l i b r ium o f  the react ion favo rs t he 
conde nsa t ion  of  homo cys te i ne a nd ade nos ine to fo rm S AH 
( 83 ) . The me tabol i sm of  S AH may be c ri t ical  for  t he 
control o f  transme thyla tion . 
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Figure 7 .  General metabolism of methionine 
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Us i ng cell-free e nz yme prepa ra t ions , SAH has been 
demo ns trated to be a po ten t ,  compe t i t ive i nh ib i to r  of ma ny 
SAM-depe nde nt transme thyla tion react ions . The 
me thylt ransfe ra ses of i nteres t i n  t he prese n t  rev i ew a re 
al l s ubje ct to i nh ib i tion by SAH , a s  repo rted previousl y  
fo r TMT ( 2 , 7 , 8 ) , TPMT ( 3 ) ,  PLMT ( 84 ) ,  PEMT ( 6 0 , 6 1 , 6 2 , 6 3 ) , 
and GAMT ( 79, 82 ) . Some o t her  e nz yme s i nh ib i ted by SAH i n  
v i tro i nclude ca techo l-0-me thyl transfe rase ( EC 2 . 1 . 1 . 6 )  a nd 
phe nyle thanolam i ne-N-me thylt ransfe ra se ( EC 2 . 1 . 1 . 2 8 )  ( 8 5 ) , 
h i s tami ne-N-me thyltransfe rase ( EC 2 . 1 . 1 . 8 )  ( 8 6 ) , prote i n  
carboxyl -0 -me thyl�ransfe rase ( EC 2 . 1 . 1 . 2 4 )  ( 8 7 ) , D NA 
( cy tos ine-5 - ) -me thyl transfe rase ( EC 2 . 1 . 1 . 3 7 )  ( 8 8 ) , a nd 
tRNA ( ade nine- 1- ) -me thyl transfe rase ( EC 2 . 1 . 1 . 3 6 )  a nd 
tRNA ( gua ni ne-2- ) -me thylt ransfe ra se ( EC 2 . 1 . 1 . 3 2 )  ( 89) . 
Table 1 s hows some k i ne tic da ta o bt a ined fo r t hese 
me thyl t ransfe rases wi th respect to t he ir aff i n i t ies fo r SAM 
a nd SAH.  The K i is lowe r t han t he Km fo r t he ma j o ri ty of 
t he se e nz yme s .  I n  o t he r  words , SAH h as a grea te r aff i n i ty 
t ha n  SAM fo r certa i n  me thylt ransfe ra se s ,  i nc lud i ng TMT , 
TPMT , PLMT , PEMT , a nd GAMT . Thus , i t  i s  a d i s t inct  
pos s ib il i ty t ha t  t he abso lu te mo la r ra t io of SAM to  SAH 
( SAM : SAH rat io ) may regula te tra nsme thyl a t i o n .  Eleva tion 
of t he ratio s hould s timula te t he reac t ion ,  whereas 
reduc t io n  of t he ra t io s hould i nh ib i t me thyl grou p  
transfe r .  For i ns tance , de creas i ng t he SAM : SAH ra t io i n  
TABI,F. l 
Affinities of Some Methyltransferasas fol:' S -Adcno�:ylmethio nine and S-Adenosylhomocysteine 
Enzyme 
Thiol Methyltransferase (7,8)1 
Thiop urine Methyltransferase (3) 
Protein(Lysine)Methyltransferase (84) 
Phosphat idyle thanolami ne Me thyltr;:sns fe r:.:.�.se I ( 63) 
Guanidoacetate Methyltr:ansferase ( 79) 
C•ltecho l-O-Me thyltr:ans fe r;:sse ( 85) 
Phenyle thanolami ne-N-Me thyl tr.<.lns fe rase ( 85) 
Histamine-N-Methyltransferase (86) 
Protein Carboxyl -0-Methyltr.:.�.nsferase (87) 
ONA (Cytos ine-5-)-Methyltransferase (88) 
tR NA(adenine-1-)-Methyltransfe�.:.�.se (89) 
tR�A(gua nine-2-)-Methyltransfer.<.tse I ( 89) 
tR�A(guanine-2-)-Methyltr<tnsEel:'ase I I  (89) 
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v i tro has been s hown to i nh ibi t PEMT, eve n when the 
concen tr a t io n  of  SAM wa s va ried ove r a w ide range ( 6 2 , 6 3 ) . 
In  v i ew of  the rathe r  impe rme able nature of  SAH to 
biomemb ranes ( 90 ) , i t  has become necessa ry to s tudy t he 
e f fe ct of  SAH o n  transme thyla tion i n  v ivo u si ng a di f fe re n t  
a pproach t ha n  me rel y  trea t i ng i so la ted who le cel ls w i th 
exoge nou s SAH , o r  adm i n i s tering t hi s  pur i ne nuc leos ide to 
a n imal s .  Fo r t his  reaso n,  t he precurso rs of  SAH, i . e . ,  
ade nos ine a nd L-homo cys te i ne ,  o f fe r  t he poten t ial to 
del i nea te t he regula tion of transme thyla tion  by S AH i n  
vivo .  Presumab ly , e xoge nou s ade nos ine a nd L-homocys te i ne 
a re able to pe rme a te the cel l membrane , a nd o nce i ns ide t he 
cel l can  rea c t  i n  the prese nce of  SAH hydrola se to fo rm 
SAH . I ndeed , t he eq u i l ibrium of  t he reac t io n  ca tal y zed by 
t h i s  e nz yme f avo rs conde ns a t ion ( 83 ) . Mo re ove r ,  when t he 
ade nos i ne a nd L-homo cys te i ne a re not removed a t  s u f fi c i ent 
rate s ,  e . g. , by ade nos ine de ami nase a nd t he reme thyl a t io n  
pa thway o r  cys ta thio n i ne fo rma tion,  respect ivel y ,  t he 
hyd rolys is o f  SAH may be preve n ted ( 83 ) .  I n  s uppo rt o f  
this  concep t ,  when i so la ted lympho bla sts we re i ncuba ted i n  
t he presence  o f  added ade nos ine a nd homo cys te ine, cel lula r 
leve ls of SAH i ncreased ma rked ly w i th only s l igh t eleva t io n  
o f  SAM ( 91 ) .  Conseq uen tl y , the fal l i n  t he cel lul a r  
SAM : SAH rat io wa s accompa nied by i nh ib i tion  o f  D NA a nd RNA 
me thyla tion . Us ing t he pe rf used ra t l i ve r  ( 92 ) ,  s im i la r  
resul t s  have been o bt a i ned . Lowe ring t he SAM : SAH rat io i n  
v i vo by t he addi tion of  ade nos ine a nd homocys te i ne to t he 
pe rfusa te cau sed a de crease i n  the act iv i ties  o f  the 
e nz yme s i nvo lved i n  the me thyla tion o f  not only DNA , bu t 
also h is tone a nd phos pho li pid . 
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The i n trape ri to neal co-adm i n i s tr a t ion o f  ade nos ine a nd 
homo cys te i ne to a n imals has also be en a ttempted w i th 
pos i t ive resul t s .  Af te r  rece iv i ng a n  eq ual  dose by we igh t 
of  ade nos ine a nd homo cys te ine ,  t issue leve ls o f  SAH i n  t he 
mou se we re eleva ted ma rked ly , w i th a resul t a n t  de cli ne i n  
t he SAM : SAH r a t io ( 9 3 , 9 4 ) . The lowe red S AM : SAH r a t io wa s 
accompa nied by a decrease i n  t he act iv i ties  of  b ra i n  
ca techo l-0-me thylt rans fe rase a nd h is tami ne-N­
me thyl trans fe ra se a s  me asured i n  v i tro ( 9 3 ) , a nd also by 
i nh ib i tion  of prote i n  a nd p hos pho li pid me thyla tion  i n  v i vo 
( 9 4 ) .  Howeve r , t hese pharmacolog ical e f fe c t s  may have be en 
due to homo cys te ine alone , w i thout  t he i nvo lveme n t  o f  
exoge nou s ade nos ine ,  i n  t he i nject ions u sed ( 95 ) .  I t  i s  
known t ha t  homo cys te i ne ,  pe r se , i s  a n  i nh ib i to r  o f  SAH 
hyd rola se ( 8 3 ) , a nd t hus could promote SAH a c cumula tion 
when admi n i s te red a l one . The pos s ib i l i ty also  e x i s ts t hat  
the s uppl y  of  e ndoge nou s ade nos ine i s  mo re t han adeq ua te to 
conde nse w i th t he exoge nous homo cys te i ne to fo rm SAH.  
Seve ral ade nos ine a nalogue s ,  i l lu s trated i n  Figure 8 
w i th ade nos ine ,  may compe ti t ive ly i nh ib i t SAH hydrola se , 
al low i ng t he accumula tion of  e ndoge nou s SAH ,  i n  addi t i o n  to 




























Figure 8 .  Adenosine and some of its analogues 
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ade nos i ne a nalogue s have also been employed to s tudy t he 
regula tion  of  transme thyl a tion by SAH . Fo r i ns ta nce , 
3-deaza ade nos ine promo ted a n  accumula tion o f  S AH a nd 
i nh ib i ted phos pho l i pid me thyla tion i n  i so la ted hepa to cytes 
( 96 ) . Moreove r ,  ra ts admi nistered i nj e c t ions o f  
3-de azaade nos ine fo rmed 3-deaza ade nos ylhomo cys te i ne a nd 
s howed a reduc t io n  i n  the SAM : SAH ratio ( 97 ) . When 
transme thyla tion  wa s eva l ua ted i n  t hese a nimals , t he re we re 
reduced leve ls of  l ive r c rea t i ne a nd me thyla ted l i p ids , a s  
wel l  a s  a de crease i n  the u r i na ry levels o f  3-me thoxy-4-
hydroxyma ndel i c  a c id ( VMA ) , s ug ges t i ng a n  i nh ib i tion of t he 
me thyla tion o f  t he ca techo lam i nes. Dec reased phos pho li p id 
me thyla tion  i n  l i ve rs of  rode nts trea ted w i th 
3-de azaade nos ine has also been repo rted ( 98 ) . 
M i c e  rece iv i ng repe ated i nject ions o f  a ra-A ( Figure 8 )  
al ong w i th t he ade nos i ne deami nase i nh ib i to r, 2 1 -
de oxycofo rmyc i n , d i splayed a ma rked reduc t ion i n  t he 
SAM : SAH r a t io i n  seve ral t issue s ( 99) , al t hough t he e f fe c t  
on transme thyl a tion wa s not eva l ua ted . Howeve r ,  a ra-A has 
been s hown to i nh ib i t phos pho lipid me thyla tion  i n  i so la ted 
hepa tocytes  ( 96 ) . Fur t hermo re , 2 1 -de oxyade nos i ne has been 
s hown to i nh ib i t SAH hydrola se , wh ich wa s a sso c i a ted w i th 
a n  eleva t io n  of  SAH a nd i nh ibi tion of  nuc le ic a c id 
me thyla t io n  i n  l ymphobla sts ( 91 ) . Co rdycepi n  ca n also 
i nh ib i t nuc le ic a c id me thyla tion ,  a l t hough t his  e f fe c t  may 
not be due to ch ange s i n  the levels  of  SAH pe r se ( 91 ) .  
Some syn the tic a na l ogues of SAH ,  s hown i n  Figure 9 
w i th SAH,  have prov ided ye t a nother  me ans to de l ve i nto 
t he con trol o f  transme thyla tion . The e f fe ct o f  t hese 
chem icals on phos pho lipid me thyla tion va ried a c cord i ng to 
whe the r  cel l- free or who le cel l prepa ra t ions we re u sed 
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( 9 6 ) . In  t he fo rme r condi tion,  c7AdoHcy ( Figure 9 )  a nd 
s ine f ung i n  we re i nh ib i to ry ,  bu t S IBA ( Figure 9 )  wa s not . 
Using i ntac t cel ls , c7AdoHcy wa s once aga i n  e f fe ct ive a l ong 
w i th  S IBA,  bu t s ine f ung i n  wa s wi thou t e f fe c t . Incide ntal ly , 
SAH wa s i nh ib i to ry u s i ng b roke n  cel ls , bu t not when u s i ng 
i ntac t ,  i so la ted hepa tocytes . 
I t  i s  appa ren t  tha t  modula tion o f  t he cel lula r SAM : SAH 
ra t i o ,  a nd a c co rd i ng ly the act iv i ty o f  t he 
me thyl t rans fe ra se s , may have fa r-reach i ng p hys io log ical  
ram i fica tions . The re fo re ,  facto rs a l t e r i ng t he ra t io i n  
v i vo me r i t  f ur the r i nves tiga tion . 
Me thionine Me tabol i sm Dur i ng P�idox i ne De f ic i ency 
A c lose r  e xa m i na t ion  of  Figure 7 w i l l  reveal t ha t  
pyr id oxi ne i s  i nvo lved i n  the me taboli sm o f  me thio n i ne to 
cys te ine . As can be seen , o nce t he i ntermed i a ry 
me tabol i te ,  homo cys te i ne ,  has been produced , t his  produc t 
can react w i th ser i ne i n  t he presence o f  cys ta thionine 
s yn thase ( EC 4 . 2 . 1 . 2 2 )  to fo rm cys ta t h ionine . 
Subseq ue ntl y ,  c leavage of  cys ta th ioni ne by cys ta thio na se 
( EC 4 . 4 . 1 . 1 ) ge nera tes cys te i ne .  Ev ide nce has been 
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presented t ha t  cys ta thionine syn tha se a nd cys ta thio na se 
each req ui re p yr idoxa l phos pha te a s  a cofacto r .  Ra ts fed a 
pyr id oxi ne-de f ic ient  d i e t  fo r 5 weeks d i spla yed a de crease 
i n  t he a c t iv i ty of  l i ve r  cys ta th iona se , a nd when t h i s  
e nz yme from t he se a nimals  wa s a ssayed i n  t he prese nce o f  
added p yr idoxa l phos pha te ,  a not iceable i ncrease i n  
act iv i ty wa s o bse rved ( 1 00 , 1 01 ) . Mo reove r ,  p yr idox i ne­
depr ived a nimals  reple ted w i th i nject ions o f  p yr idoxi ne 
hydrochl or ide also  s howed a res to ra t ion o f  cys ta thio na se 
act iv i ty ( 1 0 1 ) . On t he o t he r  hand , rats  fed a p yr idoxi ne­
de f ic ient  d i e t  fo r 5 we eks did not s how a ny s ign i ficant  
de crease i n  t he s pe c i fic  a c t ivi ty o f  l ive r cys ta t h io n i ne 
s yn thase , eve n when a ssayed w i th added pyr idoxal phos pha te 
( 1 0 0 ) . Howeve r ,  ra ts fed a pyr idoxi ne-de f ic i en t  d i e t  fo r 8 
we ek s did s how a de crease i n  l i ve r  cys tat h io n i ne s yn thase 
act iv i ty ,  wh ich could  be s timula ted by added p yr idoxal 
p hos pha te ( 1 0 1 ) .  Thus , i t  would appear t ha t  cys ta t h io na se 
i s  mo re sens i t ive to pyr idoxi ne deple t io n .  Th i s  wou l d  
e xpla in why pyr idoxi ne de f ic i ency produces a n  i ncrease i n  
t issue cys ta thionine leve ls  ( 1 0 0 ) . Fur t he rmo re , i t  i s  
known t ha t  p yr idoxi ne de f i c i ency i nduces t he u r i na ry 
e x cre tion  of  cys ta thion ine ( 1 02 ) .  
Prev iou s research h as also s hown t ha t  a p yr idox i ne­
de f ic ien t d i e t  ca n produce a ma rked e l eva t io n  of S AH i n  rat  
l i ve r ,  w i th a s l i gh t  r ise in  the level of  SAM ( 1 0 3 ) . I t  i s  
l i ke l y  t ha t  t his  a l t era t ion resul t s  from a reduc t ion i n  t he 
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act iv i ty of  cys ta th iona se , a nd pe rhaps cys ta thio n i ne 
syn thase , wh ich woul d  lead ult ima tely to t he a c cumula tion 
of  homo cys te ine .  Wi th the reme thyla tion pa thway unab le to 
f unct ion a t  a s uf fic ien t  ra te to remove e x cess 
homo cys te i ne ,  cou pled wi th the prese nce of adeq ua te leve ls 
of  ade nos ine , t he fo rma tion a nd el eva tion  o f  SAH to 
abnormal leve ls would e ns ue . The a c cumula t io n  o f  S AH would 
occur becau se t he conde nsa t ion o f  homo cys te i ne a nd 
ade nos ine would be favo red ( 8 3 ) . I n  addi t io n ,  homo cys te i ne 
may i nh ib i t t he hydrolys is o f  S AH by S AH hydrola se ( 8 3 )  a nd 
cau se a n  e leva tion  o f  SAH i n  this  ma nne r .  I n  a ny eve nt ,  
t he f ul l  ram i f ic a t io ns o f  a lowe red S AM : SAH ra t io i n  l i ve r  
brough t on by a pyr idoxi ne de f ic i ency a re not known . 
As rev i ewed u p  to this  po i nt ,  SAH i s  a c ompe t i t ive 
i nh ib i to r  of va r iou s SAM-depe nde n t ,  transme thyla tion 
reac t ions . For t h i s  reason ,  i t  i s  hypo t hes ized t ha t  
modula tion o f  t he SAM : SAH ratio may modi fy  t he a c t iv i ty o f  
some me thy l trans fe rases a nd t he rela ted b i o chem ical 
processe s  f a c i l i ta ted by t hese e nz yme s .  
CHAPTER I I I 
EXPE RIMENTAL PROCEDURE 
General Ou tl i ne of  Research 
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In  orde r to  s tudy the e f fect of  modula t ing t he SAM : SAH 
ratio on the act iv i ty of some me thyltrans fe ra ses a nd 
transme thyla t ion-rela ted proce sses , three pha ses of  
inve s tiga t ion we re e s se ntial ly conduc ted a nd i nvolved both 
in  vi tro a nd in v ivo al tera t ion of  the ra t io . In  the 
i n i t ial  pha se ,  the SAM : SAH rat io was modula ted i n  v i tro,  a nd 
the e f fect  of  t h i s  ma n ipul a t ion on the a c t iv i ties  of  rat  
l i ve r  TPMT , TMT , a nd PLMT was eva l ua ted . Nex t ,  a l te ra t ion 
of the hepa t ic SAM : SAH ratio wa s ach i eved in v i vo by 
pharmacol og i cal mea ns , and this  procedure was u sed to s tudy 
the regu l a t ion of  TPMT , TMT , a nd PLMT a s  wel l .  Finally , 
the hepa t i c  SAM : SAH ratio  wa s also a l te red i n  v ivo by d i e t ,  
i . e . , pyr ido x i ne de f ic i ency ,  to s tudy i ts e f fect  o n  the 
a c t iv i t ie s  of  TPMT , TMT , PLMT , PEMT , a nd GAMT i n  l i ve r ,  
a l ong wi th some of  the b iochem i cal processes fac i l i ta ted by 
these e nz yme s . Wi th respect to PLMT , card i ac a nd skele tal 
mu scle carn i t ine level s  we re de te rmi ned , a s  wel l  a s  the 
capa c i ty of heart a nd s ke le tal muscle to ca rry out fatty 
acid oxida t ion i n  vi tro.  Cyto chrome oxida se a c t iv i ty wa s 
also assayed in the se two muscle t issue s , a s  a pa rame te r 
of m i to chond r ia con te nt a nd/or act ivi ty .  In  the ca se of  
PEMT , the phos pho l i pid con tent  ( PC a nd PE ) o f  hepa tic  
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mic rosome s wa s de te rm i ned. Assay o f  GAMT n eces s i ta ted t he 
de te rm i na tion o f  c rea t i ne levels i n  l i ve r  a nd s ke l e tal 
mu sc le , t he a c t iv i ty of AGTA i n  k idney , a nd t he e x cre t ion 
of  ur ina ry c rea t i n i ne. 
Prep��a t ive a nd Analyt ical Ins trume n ta t ion 
Ti ssue homoge niza tion wa s carr ied ou t o n  i c e  u s i ng a 
Thoma s g la ss t issue homoge nizer ( Arthur H .  Thoma s Co. , 
Ph ilade lphia , PA ) w i th a mo to r-dr ive n te flon pe s tle fo r 
l i ve r  a nd k idney . A Dual ! 1 23 ground-g la ss t issue 
homoge n ize r ( Ko n tes  Scien t i f ic Gla sswa re , V i nela nd ,  NJ ) o r  
a B r i nkma nn po lytron homoge nize r ( Br inkma nn Ins trume nts , 
Inc. , Wes tbury , NY ) wa s employed fo r prepa r i ng s kele tal 
muscle a nd hea rt homoge na tes. Subcel lul a r  fract iona t io n a t  
2° wa s accompl i shed u s i ng a Beckma n LS-5 0 u l t r acentr i fuge 
w i th e i the r  a type 3 0  alum i num a l loy o r  a type 5 0  t i tanium 
f ixed-a ng le roto r ( Beckma n Ins trume nts , Inc. , Spi nco 
Div i s io n ,  Pa l o  A l to , CA) . Othe rw i se ,  a n  I n te rna t ional 
mode l v ,  s iz e  2 c en tr i fuge w i th a type 2 41 roto r ( In te r­
nat iona l  Equi pme nt Co. , Bos ton ,  MA ) was u sed fo r ge nera l , 
l ow-spe ed ( < 1 00 0  x g )  c en tr i fuga tion a t  room t empe ra ture. 
Enz yme a ssays we re ge neral ly pe rfo rmed i n  a 
con trolled-tempe ra ture , wa te r ba th s hake r ( Ebe rba ch Corp. , 
Ann Arbo r ,  M I ) .  Samples requi r ing so n ic a t io n  we re 
processed wi th a mode l BP I Bioso nik Soni c a to r  ( Bronwi l l  
Sc i en t i f ic ,  Roches te r ,  N Y ) . A tube b lock hea te r  ( Prec i s ion 
Sc i en t i f ic Grou p, Ch icago ,  I L ) wa s empl oyed to d i ge s t  
sample s  a t  h igh tempe ra ture . 
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Radi o chemical a ssays we re fac i l i ta ted by a Beckma n LS­
l OOC Liquid S c i n t i l la tion Sys tem ( Beckma n I ns trume n ts , 
I nc . , I rv i ne ,  CA)  w i th que nch ing mo ni to red by t he e x ternal 
s tanda rd ratio . Ge nera l ly ,  s amples we re coun ted to y i el d  a 
2%  e rror i n  a s ta nda rd s c i n t i l la tion cockt a il c ons i s t i ng o f  
1 0  ml  2 , 5-di phe nyl oxa zo le ( PPO ) i n  to luene ( 1 2 g/L ) a nd 6 
ml e thyle ne g lycol mo noe thyl e the r ( cel loso lve ) .  
Spectrop ho tome tr ic de te rm i na tions we re conduc ted u s i ng 
Beckma n models 3 4  a nd DU- 3 0 v i s-uv s pe ctropho tome te rs 
( Beckma n I ns trume nts , I nc . , Ful le rto n ,  CA) . Co lor ime tr ic 
a ssays nea r  t he i nfra-red waveleng t h  s pe ctrum we re made 
pos s ib le u si ng a Bau sch a nd Lomb Spectron ic 8 8  
s pe ctrop ho tome ter ( Ba u sch a nd Lomb , Roches te r ,  N Y ) . 
Modula tion o f  t he S-Ade nosylme thio n i ne to S -Ade nos yl­
homo cys te ine Ra t io I n  Vi tro 
The S AM : SAH ratio  wa s modula ted i n  v i tro by me rel y  
ad ju s t i ng t he l evel s  of  e xoge nou sly-added S AM a nd SAH i n  the 
s ta nda rd e nz yme a ssay react ion m i x tures fo r TPMT , TMT , a nd PLMT . 
Pharmacolog i cal Altera t ion o f  t he Hepa tic  S -Ade no�l ­
me th����ne to S -Ade nos ylhomo cys te i ne �a tio  
The hepa tic  SAM : SAH r a t io of  mal e  Sprague-Dawley rats  
( 3 50-4 25  g bw t )  f r om Taconic Fa rms , Ge rma n town , N Y ,  'qa s 
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altered i n  v i vo by the i n trape ri to neal i nj e c t ion o f  e i the r 
5 0 0  or 1 00 0  mg  D , L-homo cys te ine t hio la cto ne/2 m l  of  0 . 9%  
NaCl/kg bw t .  Con trol a nimals we re i nj e c ted w i th the s al i ne 
so lu t ion . These rode nts we re u sed fo r t he s tudy o f  t he 
s ul f hyd ryl xe nobio t ic transme thyla ses a nd w e re fed s tanda rd 
chow a nd wa te r ad l i bi tu'! u p  to t he t ime o f  d rug  trea tme n t .  
PLMT wa s s tudi ed sepa ra tely u s i ng s l i g h tly smal le r  rats  
( 2 2 5-3 00 g bw t ) .  Abou t 3 0-4 0 m i nu tes a f te r  i nject io n ,  ra ts 
we re sacri f i c ed a nd processed a s  de sc ribed below ( p . 4 3 ) . 
The lowe r l i m i t o f  t he t ime range ( 3 0 m i nu tes ) wa s mo re 
of ten selec ted , s ince the d rug  e l ic i ted s igns o f  convuls ion 
i n  a few a n imal s  al lowed to s it t he addi t ional m i nu tes . 
D i e tary Altera t ion o f  t he Hepa tic S-Ade nos ylme th io n i ne to 
S-Ade nos ylhomo cys te ine Ra tio 
Three grou ps of  15 we aning -age ( 4 5- 6 0  g bwt ) ,  male 
Spr ague-Dawley rats  ( Ta con ic Fa rms , Ge rma n town , NY ) \'le re 
fed t he ir respect ive di ets fo r 6 -7 weeks . One grou p  o f  
a n imals wa s f e d  ad l ib i tum a p yr idoxi ne-de f ic i ent  d i e t  
( 1 0 4 ) ,  s l i g h tl y  mod i fied a s  s hown i n  Table 2 ,  wh ile a 
second grou p  wa s pa ir-fed t he s ame d i e t  s uppleme nted w i th 
pyr id oxi ne hydrochlor ide ( 2 2 mg/kg prepa red d i e t ) . The 
third grou p  wa s fed the la tter d i e t  ad l ib i tum a nd se rved 
a s  t he con trol . Wa ter wa s freely ava ilable to a l l  a nimals , 
a nd t he ir feed i ng bowls we re changed da ily w i th c lean 
coun terpa rts con ta i n i ng fresh food . Feed i n take wa s 
TABLE 2 
Pyr idox i ne-De f ic i ent  Diet  
Component  
Vi tami n-Free Ca se in1 
Sucrose 
Corn Starch 
Corn Oi l 2 
Hydroge na ted Vege table Oi l 3 
Alphacel 1 
Vi tam i n  D i e t  Fo rt i f ica t ion M i x ture Wi thout  
Pyr idox i ne Hyd rochlor ide 
Haw k  Ose r Sal t  Mi x ture 1 ' 5 
1 ICN Nu tr i t ional Biochemicals , Cleve l a nd ,  Oh io . 
4 2  
g/kg 
2 9 3 . 5  
2 7 4 . 0  
2 7 4 . 0  
19 . 6  
5 8 . 7  
19 . 6  
2 1 . 5  
3 9 . 1  
2Mazola ( Best  Foods , Eng lewood Cl i ff s ,  New Je rsey ) .  
3cr isco ( Procter a nd Gamble , Ci nc i nna t i , Oh io ) . 
4compos i tion : V i tam i n  A Ace ta te ( 5 00 , 0 0 0  IU/g ) , 1 . 8  g/kg ; 
V i tami n  02 ( 8 5 0 , 0 0 0  IU/g ) , 0 . 1 2 5  g/k g ; Alpha Tocophe rol 
Ace ta te ( 2 5 0  I U/g ) ,  2 2 . 0  g/kg ; Ascorbic  Ac id , 4 5 . 0 g/k g ; 
Inos i to l ,  5 . 0  g/kg ; Cho l i ne Chlor ide , 7 5 . 0  g/k g ; 
r-te nad i one , 2 . 2 5 g/kg ; p-Ami nobenzo ic Ac id , 5 . 0  g/k g ; 
N i ac i n ,  4 . 2 5  g/k g ; Riboflav i n ,  1 . 0  g/k g ; Th iam i ne 
Hyd rochloride , 1 . 0  g/kg ; Cal c i um Panto the na te , 3 . 0  g/k g ; 
Biot i n ,  0 . 0 2 g/k g ; Fo l i c  Ac id , 0 . 09 g/k g ; V i tam i n  B 1 2 , 0 . 0 0 1 3 5  g/kg . 
5compos i t ion :  Cal c i um Ca rbona te , 6 . 8 60% ; Ca l c i um Ci tra te , 
3 0 . 8 3 0% ;  Cal c i um Phospha te , Monoba s ic , 1 1 . 2 8 0 % ; Fe rric 
Ci tra te , 1 . 5 3 2% ; Magnes ium Ca rbonate , 3 . 5 2 0% ; Magnes ium 
Sul f a te , Anhydrous ,  3 . 8 3 0% ;  Ma nga nous Sul f a te , 0 . 0 20% ; 
Potass ium Al umi num Sul fa te , 0 . 0 09% ; Po tass ium Chlor ide , 
1 2 . 4 70% ; Po tass ium Iodide , 0 . 0 0 4% ; Po tass ium Phos pha te , 
Dibas ic , 2 1 . 8 8 0% ; Sod i um Chlor ide , 7 . 7 1 0% ;  Sod i um 
Fluor ide , 0 . 0 5 1 % . 
4 3  
recorded each day ,  a nd t he rats we re we ighed weekly . Three 
days be fo re a nimal s ac r i fice ,  5 ra ts from e ach of t he 3 
grou ps we re pla ced i ndiv idua l ly i n  me tabol i c  cage s for  
colle ct ion of  t he 2 4-hour u r i na ry outpu t . The u r ine wa s 
col lected fo r e ach ra t i n  a 4 0  ml  c on ical centr i fuge tube 
con ta i n ing 1 m l  o f  0 . 1  N HCl fo r 3 c onsecut ive days . The 
ur ine wa s the n  processed fo r creat i n i ne de te rm i na t io n  a s  
de sc ribed la te r  ( p . 6 9 ) . Othe rw i se ,  al l a n imals we re 
hou sed i nd i v idual ly i n  w i re-bot tom cage s w i th a n  au toma ted 
l i gh t  cyc le from 6 : 0 0  AM to 6 : 0 0  PM . 
An imal Sac r i f ic e ,  Tissue Prepa ra t ion a nd Subcel lula r 
Frac t iona t io n  
Ra ts we re s tunned by a blow to t he back o f  t he head 
a nd de capi ta ted w i th s hears . Selected t issues  we re rapid ly 
e x c i sed , a nd i f  not u sed immed i a tely , pla ced i n  i ce-cold 5 
mM po tass i um p hos pha te bu f fe r, pH 7 . 5 , fo r s to rage a t  - 80° . 
Only l i ve r  wa s removed from t he drug-trea ted a nimals , wh ile 
l ive r ,  k idney , hea r t ,  a nd mu scle t issue from t he rear o f  
t he t high of  t he h ind legs we re take n from rats  o n  t he 
expe rime n tal di ets . Immedi ately a f te r  e x ci s io n  o f  t he 
l ive r ,  approxi ma tely 4-5  g o f  t he t issue wa s q ui ckly placed 
i n  i ce-cold 1 0% ( w/v ) TCA fo r m i nci ng .  Wi thin  a few 
m i nu tes , a 1 : 5  ( w/v ) homoge na te wa s prepa red , wh ich wa s 
t he n  centr i fuged a t  1 0 , 0 00 x g fo r 1 5  m i nu tes a t  2° . The 
t issue extrac t , i . e . , TCA s upe rna tan t ,  wa s s to red a t  - 2 0° 
i f · not u sed immed i ately fo r qua n t i ta t ive a nalys is o f  S AM 
a nd SAH,  a s  de ta iled below ( p . 4 5 ) . I t  s hould be noted 
t ha t  di rec t homoge n iza tion of hepa tic  t issue i n  a c id i s  
necessa ry to preve nt e nz yma tic degrada t io n  o f  e ndoge nou s 
SAM to S AH ( 1 0 5 ) . 
Di ffe re n tial  centr i fuga tion wa s u sed to o bt a i n  t he 
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mic rosomal a nd cytopla smic  fract ions from l i ve r t issue . I n  
the case o f  k id ney , o nly  the cytopla sm ic frac t io n  wa s 
i so la ted . A 1 : 9  ( w/v ) l ive r homoge na te wa s prepa red i n  
i c e-cold 5 mM po tass i um phos pha te bu ffe r ,  pH 7 . 5 .  The s ame 
t issue homoge na te concen tra t ion wa s also appl i ed to k idney , 
bu t i n  0 . 1  M po t ass i um phos phate bu ffe r , pH 7 . 4 , c on ta in i ng 
1 mM EDTA . The homoge na tes we re centr i fuged a t  1 0 , 0 00 x g 
0 fo r 1 0  m i nu tes a t  2 • Nex t ,  t he s upe rna tan t  wa s 
cen tr i fuged a t  1 00 , 0 0 0  x g fo r 6 0  m i nu tes . The h igh-s pe ed 
s upe rna tan t ,  i . e . , cytoplasmic  frac t ion,  from l i ve r  wa s 
u sed fo r the a ssay of TPMT a nd GAMT . On t he o t her  h and ,  
t he cytopla sm i c  frac t ion from k idney wa s u t il ized fo r t he 
a ssay of AGTA . The l ive r  mic rosoma l pe l le t  wa s r insed a nd 
resuspe nded i n  t he homoge niz i ng bu ffe r  to g i ve a prote i n  
concentrat io n  of  1-2 mg/ml . Th is mic rosomal s uspe ns ion wa s 
u sed fo r t he a ssay of TMT , PEMT , a nd phos pho li pid  
concen tra t io n .  
Qua n t i ta t ive Analys is o f  Tissue Level s  o f  S���e nos yl ­
me thionine a nd S -Ade nosylhomo cys te i ne i n  Live r 
In o rde r to de te rmi ne the concentra t i o ns o f  S AM a nd 
SAH present i n  t he l i ve r  TCA s upe rnatant prepa red 
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prev iou sly ( pp .  4 3-4 4 )  u si ng a coupled r ad i o chroma tographic ­
spe c trop hotome tr ic me thod ( 1 0 3 ) , rad i o labeled S AM a nd SAH 
a re needed a s  i n te rnal s tanda rds . Wh ile t he fo rme r 
c�mpound i s  comme rc ial ly ava ilab le a s  [ 1 4c-me thyl ] -SAM , 
[ s -1 4c ] -SAH mu s t  be syn thes ized a nd p ur i fied ( 1 0 3 ) . 
In i t ial ly , L-homocys te i ne wa s prepa red ( 1 0 6 )  by 
i ncuba t i ng 0 . 1  mmo le of  L-homocys te i ne t hiola c to ne · Hcl  
wi th 0 . 3  m l  o f  5 N NaOH fo r 5 m i nu tes a t  room tempe ra tur e .  
The m i x t ure  wa s immed i a tely neu tral i zed w i th 1 . 5  m l  o f  1 M 
KH2 Po4 a nd d i l u ted to a to tal vo lume o f  5 . 3 3 m l . A 
t heore t ic al yi eld o f  about 3 7  �mo les/ml has been de te rmi ned 
( 1 0 6 ) . Nex t ,  [ s -1 4c ] -SAH wa s s yn thes ized by i ncuba t i ng t he 
fo llow i ng m i x ture , i n  a to tal vo lume o f  0 . 2 5 m l , a t  3 7° fo r 
1 2  m i nu tes : 0 . 0 25 m l  of  1 M potass ium phos pha te bu f fe r , pH 
7 . 3 ,  0 . 5  �mo le d i thiothre i to l ,  0 . 0 06 � mo le of e ry t hr o- 9 - ( 2-
hydroxyl -3-nonyl ) ade ni ne · Hcl ( courtesy o f  Burrough Wel lcome 
Co . ,  Rg search Triang le Pa rk ,  NC ) ,  0 . 7 5  � mo le o f  
L-homo cys te i ne from above , 0 . 3 1 � mo le o f  [ s -1 4c ] -ade nos ine 
( sp .  act . 5 2  mCi/mmo le )  a nd rat l i ve r  cytos o l  ( 0 . 5  m g  
prote i n ) . The react ion wa s termi na ted by ad di t ion o f  0 . 0 2 5  
ml  o f  3 0% ( wjv ) HC1 04 • The prec i pi ta te wa s pe l le ted by 
centr i fug i ng a t  9 0 0  x g fo r 1 0  m i nu tes . 
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Pur i f ica tion of  the radiolabeled produc t wa s pe rfo rmed 
u s i ng ca tion-ex change chroma tography . The a c id s upe rnatant 
wa s a ppl i ed to a 1 X 6 em column of  phos pho cel lul ose 
( Cel lex P ,  H+ fo rm from Bio-Rad , R ichmo nd , CA) . The column 
wa s wa shed wi th 1 00 ml of 1 mM HCl , a nd t he n  1 0  mM HCl 
un til  no mo re radioact iv i ty wa s de tected i n  t he e f flue n t .  
The res in i s  able to remove unreacted [ s -1 4c ] -ade nos ine a nd 
othe r  con tam i na nts , wh ile b i ndi ng t he [ S -1 4c ] -SAH fo rmed . 
De tect ion of rad i o ac t iv i ty wa s carried out  by pe riod ical ly 
t ak i ng sma l l s ample s of t he e f flue n t  ( ca .  1 m l ) com i ng o f f 
t he column a nd a ssayi ng t hem by l i q uid s c i n t i l la t ion 
coun t i ng ( p . 4 0 ) . The [ s -1 4c ] -SAH wa s eluted from t he 
column w i th 1 00 mM HCl . The e f flue n t  wa s colle cted i n  
2 . 5  m l  fract ions . The radioac t ive fract ions we re pooled a nd 
ad ju s ted to pH 9 w i th 1 0 M NaOH a nd s to red a t  - 2 0° . The 
rad i o chem i c al pur i ty of the produc t ,  a s  s im i la rly prepa red , 
has been c la imed to be abou t 9 8% { 1 0 3 ) . I n  a ny eve n t ,  t he 
f inal prepa ra t io n  pr ov ided abou t 3 . 5  X 1 04 cpm/0 . 0 5 m l . 
S i nce [ S -1 4c ] -SAH wa s to be u sed o nly a s  a n  i nternal 
"de tec t ion"  s ta nda rd ,  t his  value wa s de emed adeq ua te . 
Othe rw i se ,  t he rad ioact ive so lu t ion c a n  be c oncentr a ted by 
lyophil i z a tion  a nd res uspe ns ion . 
F i nal ly ,  t he l i ve r  TCA s upe rnatant  wa s proces sed fo r 
measureme n t  o f  S AM a nd SAH. F i rs t,  1 0  m l  of  t his  t issue 
e x tract  we re e x trac ted 3 t ime s w i th a n  equa l  vo lume o f  
e thyl e the r. i n  a g la ss-s toppe red ,  con ical c en tr i fuge tube . 
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A f te r  centr i fuga tion a t  6 00 x g fo r 5 m i nu tes e ach t ime , 
t he o rga nic pha se wa s removed a nd di sca rded by a spi ra t io n .  
The f i nal  e the r-e htracted t issue ex trac t wa s t hen f i ltered 
through a g la ss f unnel l i ned w i th Wha tma n f 1  f il t er pa pe r . 
To 5 m l  of  t he f i ltra te ( correspond i ng to 0 . 8 3  g we t l i ve r 
t iss ue we igh t )  wa s added 0 . 0 5 ml  e ach of  [ a -1 4c ] -SAH ( 3 . 5  X 
1 04 cpm ) a nd [ 1 4c-me thyl ] -SAM ( 4 . 5  X 1 04 cpm ) . 
Inc ide n tal ly , t he s pe c i fic act iv i ties o f  t hese two 
rad i o chem icals a re not g i ve n, s ince t hey  we re u sed s tr ic tl y  
a s  de tec to rs . The rad i o labeled m i xture  was  q ua nt i ta t ively 
trans fe rred to a 1 X 7 em p hos pho cel lul ose  c olumn ( Cel le x  
P ,  H+ fo rm from B io-Rad , Richmo nd , CA)  fo r ca tion-e x ch a nge 
chroma togr aphy . The column wa s wa shed w i th 1 00 ml  o f  1 mM 
HCl , t he n  1 00 m l  of  1 0  mM HCl to remove u . v . -absorbi ng 
con tam i na n ts . S AH wa s elu ted from t he column w i th 8 0  ml o f  
5 0  mM HCl ,  fo llowed b y  S AM w i th 6 0  ml  o f  5 00 mM  HCl . I n  
e ach ca se ,  o n l y  t he f i rs t  f ive , 1 0  ml  fract ions we re 
colle cted , a nd t he presence of  SAH a nd S AM wa s de tected by 
coun t i ng 1 ml po rt ions f rom t he fract ions fo r 
rad i o act iv i ty ( p . 4 0 ) . 
The a ct ual  q ua nt i ta t ion of  SAM a nd S AH wa s made 
s pe ctrop ho tome tr ical ly on the rad ioac t ive fract ions . Th is  
wa s done by me asur i ng t he abso rba nce o f  t he s amples  a t  2 5 7 
nm a nd u si ng a mo la r ext inct ion coe f fic i en t  o f  1 5 , 0 00 
- 1  - 1  l i te r · mo l  · em fo r both  s ubs ta nces . The re fo re ,  t he 
concentra t ions o f  SAM a nd S AH can be de rived by 
s ubs ti tu t ing A= ( a  ) ( C ) ( L ) . The resul t s  we re e xpressed a s  m 
nanomo le s/g we t t issue we igh t .  
As say o f  Th iopur i ne Me th�ltrans fe rase 
The a ssay procedure fo r TPMT ( 4 0 )  i s  ba sed on t he 
t rans fe r of t he me thyl group from [ 1 4c-me thyl ] -SAM to 
6 -t hiop ur i ne . The rad io labeled produc t ,  6 -[ 1 4c-me thyl ] -
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t hiop ur ine ,  i s  i so la ted by o rga nic so lve n t  e x tract io n ,  a nd 
i ts radi o act iv i ty me asured by l i q uid s c i nt i l la t ion 
spe ctrome try . 
The l i ve r  cytopl a sm i c  f ract ion ( p . 4 4 ) was  d i lu ted 
w i th 5 mM  po tass ium phos pha te bu f fe r , pH 7 . 5 , con ta i n i ng 
0 . 2 5% bov i ne s e rum  a l bumi n ( 2 : 7 , v/v ) . To 9 vo lume s o f  
this  prepa ra tion  wa s added 1 vo lume o f  a 5 0% s uspe ns ion i n  
wa ter o f  Chelex- 1 0 0  chela ti ng res in ( Bi o-Rad , R ichmo nd , 
CA) . Th is  m i x t ure , i ns ide a sealed tube , wa s t he n  al lowed 
to rotate e nd-ove r-e nd fo r 1 hour a t  4° u s i ng a fab r ic a ted 
rotary m i xe r .  The spe ed o f  rotat ion wa s about 1 5  rpm . 
Th i s  chela t i ng process i s  s a id to remove magnes ium , 
t he re fo re i nhibi t i ng hypoxa nthi ne gua ni ne p hos pho ribos yl ­
trans fe rase a c t iv i ty ( 3 ) . The res in wa s sepa ra ted by 
centr i fug i ng a t  5 , 0 0 0  x g fo r 1 0  m i nu tes a t. 2° . The 
s upe rna tant wa s u sed a s  the e nz yme prepa ra t ion fo r t he 
a ssay procedure . 
In to a 1 5 -ml con ical g la ss cen tr i fuge tube we re added 
0 . 0 2 5  ml o f  0 . 4  M po tass ium phos phate bu f fe r  ( pH 6 . 2 ) , 0 . 0 1 
49 
ml of  6 -t hiopur ine i n  dime thyl s ul fox ide ( DMSO) ( 2 3 . 6  
mg/ml ) ,  a nd 0 . 1  m l  o f  the enz yme prepa ra t ion ( - 0 . 4  m g  
prote i n ) .  The react ion wa s i n i t ia ted by add i ng 0 . 0 2 5  ml  of  
the fo llow i ng m i x ture : 0 . 0 2  mmole of  di thio t hre i to l , 0 . 0 77 
�mo le of  al lopur inol ( to i nh ibi t xa nthine oxida se ) ,  a nd 
0 . 0 4 4  � mo le o f  £ 1 4c-me thyl ) -SAM ( s p .  act . 1 6 . 4  X 1 06 cpm/ 
�mo le ) i n  a total volume of 0 . 3  ml . The bla nk con ta ined a l l  
of  the componen ts i n  the react ion m i x ture , i nc lud i ng DMSO,  
bu t w i thou t 6 -t h iopur ine . Concentra t ions o f  SAM a nd 6 -
thiopur i ne i n  the reac t ion m i x ture we re 2 3  � M  a nd 9 . 7  mM , 
respect ive l y ,  i n  a to tal i ncuba tion vo lume of  0 . 1 6 m l . 
Accord i ng ly ,  6 . 0  X 1 04 cpm a s  £ 1 4c-me thyl ) -SAM we re u sed 
pe r e nz yme a ssay tube . Incuba t ion wa s for 3 0  m i nu tes a t  
3 � . 
The react ion wa s term i na ted by addi ng 0 . 5  m l  o f  0 . 5 M 
sodium bora te bu f fe r, pH 1 0 .  Af te r  addi t ion o f  2 . 5  m l  o f  
2 0% ( v/v ) i soamyl a l coho l i n  to lue ne , the tube wa s 
s top pe red a nd vortexed for 1 0  se conds . The m i x ture wa s 
the n  cen tr i fuged a t  7 0 0  x g for 1 0  m i nu te s .  F i na l ly , a 
po rt ion of  the top o rga nic phase conta in ing t he 
radi olabeled produc t wa s removed for l i q uid s c i n t i l la tion 
coun ting ( p .  4 0 ) . Wi th respect to the drug-trea ted 
a nimal s , 1 . 5  m l  o f  the orga nic phase wa s coun ted . In  the 
ca se of  a nima l s  fed the expe rime ntal d i e ts ,  2 . 0  m l  o f  the 
o rga n ic pha se we re coun ted . The spe c i fic  a c t iv i ty of  TPMT 
wa s expres sed a s  CPM/m g prote in/3 0 m i nu tes . 
s o  
As say o f  Th iol Me thyl trans fe rase 
The pr inc i ple for t he a ssay of TMT ( 2 )  i s  s imilar  
to t ha t  descr ibed a bove for  TPMT , bu t me thyla tion of  
a -me rcaptoe tha nol in the prese nce of  t he l i ve r  m i c rosomal 
s uspe ns ion ( p .  4 4 )  occurs i ns tead . Into a 1 5-ml con ical 
g la ss centr i fuge tube we re added the follow i ng componen ts 
in  a to tal volume of  0 . 2 5  ml : 0 . 0 5  ml o f  0 . 5  M potass ium 
phospha te bu f fe r  ( pH 7 . 9 ) , 2 . 4  �moles  of a -me rca pto e thanol , 
0 . 2 5  �mo le of  [ 1 4c-me thyl ) -SAM ( sp .  act . 4 . 1 X 1 05 cpm/ 
�mo le ) ,  a nd 0 . 1  ml of the m i c rosomal s uspe ns ion ( - 0 . 2  m g  
prote in ) . The bla nk conta ined a l l  o f  t hese compone nts w i th 
t he except ion o f  S -me rcaptoetha nol . The react ion wa s 
i n i t i a ted by the enz yme prepa ra t ion . Thus , concentrat ions 
of  SAM a nd a-me rcaptoethanol in the a ssay we re 1 . 1  a nd 9 . 6  
mM , respect ive ly . Abou t 1 . 0  x 1 05 cpm a s  £ 1 4c-me thyl ] -SAM 
we re present in t he rea ct ion m i x ture . The react ion wa s 
al lowed to run for 3 0  m i nu tes a t  3 7° . 
The reac t ion wa s s topped by addi t ion o f  0 . 5  ml  of  0 . 5  
M sodium bora te bu f fe r ,  pH 1 0 .  Three ml  o f  to lue ne/ i soamyl 
al cohol ( 3 : 2 ,  vjv ) we re then added . The tube wa s s toppe red 
a nd vortexed for 1 0  seconds . Fo llow i ng centr i fuga t ion a t  
9 0 0  x g fo r 1 0  m i nu te s ,  2 ml of the orga nic  phase on top 
we re removed a nd coun ted for radi oact ivi ty v i a  l i q uid 
sc i n t i l la t ion spectrome try ( p . 4 0 ) . The spe c i f i c  a c t iv i ty 
of TMT wa s expre ssed a s  CPM/m g prote in/3 0 m i nu tes . 
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Assay of  Prote i n ( �����e ) Me thyl trans fe rase 
The rad i o chem ical procedure i s  ba sed o n  t he 
me thyla tion  o f  h is tone i n  t he prese nce o f  [ 1 4c-me thyl ] -SAM 
( 4 4 ) . I n i t ial ly ,  a 1 : 9  ( w/v ) who le l i ve r  t is sue homoge na te 
wa s prepa red i n  ic e-cold 0 . 2 5  M s uc rose c on ta i n i ng 3 mM 
CaC 1 2 • The homoge na te wa s pa ssed t hrough a d ouble laye r o f  
cheese c lo t h .  The f iltrate se rved a s  t he e nz yme 
prepa ra t ion , wh ile  a f iltrate hea ted fo r 5 m i nu tes a t  1 00° 
wa s u sed i n  t he bla nk . 
The fo llow i ng m i x ture wa s i ncuba ted i n  a tes t tube a t  
3 7° fo r 5 m i nu tes : 0 . 1  m l  of  0 . 5  M Tris * HCl  bu f fe r  ( pH 
9 . 0 ) , 1 m g  o f  h is to ne ( type I I-A from S i g ma Chem ical Co . ,  
S t . Lou i s ,  MO ) ,  4 . 7 8  n anomo le s of  [ 1 4c-me thyl ] -SAM ( sp .  
act . 5 . 6  x 1 04 cpm/nanomo le ) ,  a nd 0 . 1  m l  o f  e nz yme 
prepa ra t ion ( - 1 . 5  m g  prote i n )  i n  a to tal vo lume o f  0 . 5 ml . 
The bla nk con ta i ned the hea ted e nz yme prepa ra t ion .  
The rea c t ion wa s termi na ted w i th 0 . 5  m l  o f  3 0% ( w/v )  
TCA ,  wh ich wa s a lso added to t he bla nk .  Nex t ,  9 . 0  m l  o f  
1 0% TCA we re added to t he mi x ture , fol lowed by centr i fuga t ion 
a t  9 0 0  x g fo r 1 0  m i nu tes . The s upe rna tant wa s the n  a spi ra ted 
of f .  The res idue wa s wa shed 3 t imes w i th 1 0  ml  o f  1 0% TCA,  
by  b reald ng up  t he pe l le t  w i th a g la ss s ti rr ing r od ,  centr i­
f ug i ng a nd a spi ra t i ng t he s upe rnatant  o f f e ach t ime a s  be fo re .  
A f ter wa s h i ng , t he res idue wa s res uspe nded i n  1 0  ml  o f  1 0% 
TCA a nd hea ted a t  9 0° fo r 2 0  m i nu tes . A f te r  cool i ng ,  t he 
m i x t ure wa s aga i n  centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes , 
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a nd t he nu c le ic a c id -con ta i ni ng s upe rna tant  a spi ra ted of f .  
The res idue wa s wa shed o nce mo re w i th 1 0  m l  o f  1 0% TCA,  t he 
tube cen tr i fuged , a nd t he s upe rna tan t  s uc t ioned o f f .  
To remove l i pids , t he prec ipi ta te wa s wa shed w i th 1 0  
ml of  ho t ( 6 5° ) 9 5% ( v/v ) e thanol . The m i xture wa s 
centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes , a nd t he s upe rnatant 
a sp i ra ted of f .  Nex t ,  t he prec ipi ta te wa s wa shed tw i c e  w i th 
1 0  ml of a wa rm ( 3 5° ) e thanol/e thyl e the r/chlorofo rm 
m i x t ure ( 2 : 2 : 1 ,  vjv ) . Each t ime ,  t he m i x ture wa s 
cen tr i fuged a nd t he s upe rna tant a spi ra ted o f f a s  be fo re . 
F i nal wa s h i ng wa s w i th 1 0  m l  o f  e thyl e the r ,  fo l lowed by 
centr i fuga tion a nd a spi ra t ion of t he so lve n t .  
A f ter t he prec i pi ta te wa s al lowed t o  d ry a t  room 
tempe ra ture,  i t  wa s resuspe nded i n  1 . 0  m l  o f  0 . 2  N NaOH a nd 
hea ted a t  1 00° fo r 2 hours w i thou t c ove r i n  t he t ube block 
heater ( p . 3 9 ) . A f ter  coo l i ng ,  0 . 4 m l  o f  0 . 5  N HCl wa s 
added to t he m i x ture to neu tral i ze t he NaOH . F i nal ly , t his  
prepa ra t ion wa s q ua n t i ta t ively trans fe rred to  a l i quid 
sc i nt i l la tion  coun t ing v i al a nd processed fo r coun t i ng 
( p .  4 0 ) . The s pe c i fic  a c t iv i ty o f  PLMT wa s e xpres sed a s  
picomo les of  r 1 4c-me thyl ] -SAM u t ilized/mi nu te/mg prote i n .  
De term i nation  o f  T i ssue Leve ls o f  Tot al Ac id-Soluble 
Ca rn i t i ne 
T i ss ue e x tracts we re i ni t ial ly prepa red from hea rt a nd 
h ind leg s ke l e tal muscle ( 1 0 7 ) . Pr io r to proces s i ng ,  
5 3  
rema ining connect ive a nd fa tty t issues  a ttached to t he 
heart we re removed . Re s idual flu id i ns ide t he o rga n v1a s  
al lowed to d ra i n  o f f ,  wh i le t he t issue w a s  m i nced a nd 
blot ted on t issue pa pe r .  In  t he case of  s kele tal muscle , 
a n  a ttempt wa s made to process t issue free o f  v i s ib le fa t 
a nd col lage n .  For both t issue s ,  o ne gram ( we t  we igh t )  wa s 
homoge n ized . A 1 : 5  ( wjv ) t issue homoge na te was  prepa red i n  
3 %  (wjv ) , i . e . , 0 . 3  M ,  HClo4 • Thr ee 2-ml port ions o f  
addi t io nal  a c id we re u sed to fac i l i ta te comple te trans fe r 
o f  t he homoge na te from t he homoge niz i ng ve ssel to a 
centr i fuge tube . The tube wa s centr i fuged a t  9 0 0  x g fo r 
1 5  m i nu tes . To 4 ml  of  t he s upe rna tant we re added 2 . 4  ml  
of  1 N KOH.  The m i x ture wa s i ncuba ted a t  4 0° fo r 3 0  
m i nu tes fo r alkal i ne hydrolys is o f  s ho rt ch a i n  fa tty a c ids . 
Neu tral i z a t io n  o f  the m i x ture wa s t hen  pe rfo rmed by 
addi tion o f  2 ml o f  6%  ( w/v ) , i . e . , 0 . 6  M ,  HC104 a nd 
al low i ng t he comb i na tion to ch il l o n  i c e  for 3 0  m i nu tes . 
The m i xt ur e  wa s the n  centr i fuged aga in a t  9 0 0  x g fo r 1 5  
m i nu tes to o bt a i n  t he s upe rnatan t  u sed fo r de te rm i na t io n  of  
to t al a c id-so luble carn i t i ne ( ASCNE ) . 
The ca rn i t i ne prese n t  i n  t he s upe rna tant was a ssayed 
by a n  e nz yma tic , spectropho tome tr ic procedure ( 1 0 8 ) , a s  
de sc r ibed elsewhere a s  t he DTNB me thod ( 1 09 ) .  In  this  
procedure , t he ca rn i t ine is  al lo\oled to react w i th ace tyl ­
CoA i n  t he prese nce o f  carn i  t i ne acetyl trans fe ra se ( EC 
2 . 3 . 1 . 7 ) . The CoA SH fo rmed i s  t hen al lowed to reac t w i th 
5 , 5-di thiobi s- ( 2-n i trobe nzoic a c id )  ( DTNB )  to fo rm a s  a 
product ,  5 -t hio-2-n i trobe nzoa te . Th is  compound abso rbs 
l i g h t  a t  4 12 nm . 
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To t he s ample cuve t we re added 0 . 2  m l  o f  1 M Tr i s " HCl 
( pH 8 . 0 ) , 0 . 0 5  ml o f  5 0  mM EDTA ( neu tral i zed ) ,  0 . 0 2 5  ml o f  
1 0  m M  DTNB , 0 . 0 2 5  m l  o f  1 5  mM acetyl -CoA , 1 . 0 m l  o f  t issue 
extrac t ,  a nd 0 . 6 9 ml  o f  wa ter .  A s tanda rd cuve t wa s also 
prepa red , con ta i n ing 80 nanomo le s of  L-ca rn i t ine i n  place  
of  t he t issue e x trac t .  In  addi tion , a r e fe rence cuve t wa s 
prepa red , con ta i n i ng al l of  t he componen ts e x cept t he 
ca rn i t i ne-c on ta i n i ng solu t io n ( s ) . The i n i t ial abso rba nce 
( E 1 )  wa s obt a i ned fo r al l t hree cuve ts a t  4 12 nm aga i ns t 
wa te r .  The reac t ion seque nce wa s i ni ti a ted by addi ng 0 . 0 1 
ml o f  ca rn i t i ne acetyl trans fe ra se s uspe ns io n ( sp .  a c t .  9 4  
un i ts/m g prote i n ,  5 m g  prote i n/ml ) to al l cuve ts w i th 
ge n tl e  m i x i ng .  The f inal abso rba nce ( EF ) wa s read a f te r  2 0  
m i nu tes . The ch ange i n  abso rba nce ( 6E )  fo r al l t hree 
cuve ts wa s o bt a i ned by s ubtract ing E 1  from EF . The n e t  6E 
fo r t he s ampl e  a nd s ta nda rd cuve ts wa s obt a i ned by 
s ubt ract ing the �E o bt a i ned fo r t he r e fe rence cuve t .  
Us i ng a mo la r e x t inct ion coe f fic i en t  o f  1 3 , 6 00 l i te r "  
mo l- 1 " cm-l fo r 5 -t h io-2-n i trobe nzoa te unde r cond i t ions o f  
the a ssay , t he presence o f  1 nanomo le o f  ca rn i t i ne s hould 
cau se an  i ncrea se in  abso rba nce o f  0 . 0 06 8 .  There fo re , t he 
ca rn i t i ne conce ntra tion  can  be de rived by e i the r not i ng the 
net 6 E o f  t he s ample cuve t ,  o r  by compa rison w i th 
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the s ta nda rd . The t issue leve ls o f  ca rn i t i ne , i . e . , ASCNE ,  
we re e xpressed a s  nanomo le sjg we t t issue we igh t .  
De term i na t �on o f  Ra te o f  Palmi ta te Oxida tion 
The capa c i ty of  hea rt a nd h ind leg s kele tal mu scle to 
ca rry ou t fa tty a c id oxida tion i n  v i tro wa s me asured 
rad i o chem ic al ly a s  de sc ribed elsewhe re ( 1 1 0 ) . The me thod 
1 4  1 4  take s i nto a c coun t both the co2 a nd c-labeled a c id-
so luble pr oducts  ge ne ra ted from [ l- 1 4c ] -pal m i ta te u s i ng 
who le t issue homoge na tes . 
Be fo re run n i ng t he a ssay , [ 1- 1 4c ] -palmi ta te bound to 
bov i ne se rum al bumi n mu s t  be prepa red , a s  e s se n t i al ly 
desc r ibed elsewhere ( 1 1 1 ) . To a v i al wa s added 5 �mo le s of  
palm i t ic a c id , fo llowed by 2 . 5  � mo le s  o f  [ 1- 1 4c ] -palm i tic 
a c id ( sp .  a c t . 4 . 1 mCi/mmole ) .  A f te r  e vapo ra t io n  of t he 
s to ck so lve n t  fo r t he radionuc lide w i th N2 ga s ,  6 . 2 4 ml  o f  
0 . 9 % ( w/v ) NaCl we re ad ded to t he v i al , fo l lowed by a d rop 
o f  5 N NaOH to produce a pH of  8 -9 .  The m i x ture wa s ge n tly 
wa rmed ove r a flame un til  t he palmi t ic a c id wa s d i sso lved 
comple tely . I t  wa s the n  al lowed to cool a t  room 
tempe ra ture un t i l  t he solu t ion reve rted back to a wh i te ,  
opague s uspe ns ion ( 1 0- 1 5  m i nu tes ) . At  this  c ri t ical po i nt ,  
1 04 m g  o f  fa tty a c id - f ree bov i ne se rum a l bum i n  ( Si g ma 
Chemi c al Co . ,  S t . Lou i s ,  MO ) we re s l owly added to t he v i al 
a nd al lowed to s ta nd . Dur ing t his  pe riod , t he a l bum i n  
b i nds t he rad i o labeled palmi ta te .  Th is process can  be 
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f ur t he r  fac i l i ta ted by ge ntly s hak i ng t he v i al a f te r  a few 
mi nu te s .  The f i nal c lear so lu t ion y i el ds a complex of [ 1-
1 4c ] -pal m i ta te bound to bov i ne se rum a l bumi n  i n  a mo la r 
ra t io of  5 : 1 , a ssum i ng a mo lecula r we igh t fo r t he prote i n  
of  6 9 , 0 00 ( 1 1 2 ) . Ad j u s tme nt of t he solu t ion to 
phys iolog i c al pH may be needed . The appa rent spe c i fic  
ac t iv i ty wa s 2 . 9 x 1 06 cpm/ �mo le o f  [ 1- 1 4c ] -pal m i ta te .  
Nex t ,  1 : 1 2 a nd 1 : 3 6  ( w/v ) homoge na tes we re prepa red 
o f  s ke l e tal musc le a nd heart , respect ively , i n  ic e-cold 
bu f fe r  con ta i n i ng 0 . 2 5 M s uc rose , 2 mM  EDTA , a nd 1 0  mM 
Tr is " HCl , pH 7 . 4 .  The homoge na tes we re f il t ered t hr ough 
d ouble-laye red cheese c loth ,  a nd the f il trates u sed a s  t he 
e nz yme prepa ra t ions . The follow i ng c ompone n ts , whose 
concentr a t ions a re ba sed on a to tal i ncuba tion  vo lume o f  
0 . 5  m l , we re i ncuba ted a t  3 7° fo r 3 0  m i nu tes : 7 5  mM  Tr is " 
HCl ( pH 7 . 4 ) , 1 0  mM K2HP04 , 1 mM  EDTA , 2 5  mM  s uc rose , 5 mM  
MgC1 2 , 1 mM  NAD
+ , 5 mM ATP ( neu tral i zed ) ,  25  � M  c yto chrome 
c ,  0 . 1  mM CoA , 0 . 5  mM L-mala te ,  1 20 � M  [ 1- 1 4c ] -palmi ta te 
( sp .  act . 2 . 9  x 1 06 cpm/�mo le ) bound to bov i ne s e rum 
a l bumi n i n  a mo la r rat io of  5 : 1 , 0 . 5  mM  L-ca rn i t ine , a nd 
0 . 0 5 m l  of  t he f il t ered who le t issue homoge na te ( - 0 . 6  a nd 
0 . 2  m g  prote i n  fo r s kele tal mu sc le a nd heart , respe ct ive ly ) . 
The react ion wa s also ca rr ied ou t i n  t he abs e nce o f  L-
ca rn i t i ne .  A bla nk wa s processed by  addi ng 0 . 4  m l  of  3 M 
HC1 04 be fo re addi tion  o f  t he t issue prepa ra t ion  to i n i t ia te 
the reac t io n .  The r�act ion m i x ture wa s conta ined i n  a tes t 
tube f i tted w i th a rubbe r septum a nd pla s tic cente r  wel l 
assemb ly ( Kontes S c i ent i f ic Gla sswa re , V i nela nd ,  NJ ) .  
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Ins ide the wel l  wa s a s tr ip o f  f il t e r  pape r we tted w i th 0 . 2  
ml of t issue solubi l i ze r  ( Solue ne 1 0 0 from Packa rd 
1 4  Ins trume nt Co . ,  Downers Grove , I L) to trap co2 • 
Af te r  i ncuba t ion , the react ion wa s s topped by 
imme rs ing the bot tom of the react ion tubes  i n to a slurry of  
crushed ice,  fo l lowed immedi ately by i nj e c t ion via  a s yr inge 
of 0 . 4 ml of  3 M HCl04 t hrough t he rubbe r septum down i n to t he 
tube s .  Nex t , t he tube s we re re turned to the i ncuba tion 
ba th fo r a n  addi t ional 90 m i nu tes to al low t he soluene 1 00 
to abso rb 1 4co2 i n  t he pla stic wel l .  A f te rwa rds , t he wel l 
wi th i ts conte nts wa s sn ipped of f w i th sci sso rs d i rectly 
i n to a l iq uid sci nt i l la t ion coun t ing v i al c ontain ing t he 
s tanda rd s c i n t il la t ion cockt ail  ( p . 4 0 ) . A f te r  cappi ng a nd 
v igorou s s ha k i ng o f  the v i al ,  i t  wa s placed i n  t he da rk a nd 
coun ted t he nex t day .  Mea nwh ile , the i ncuba t ion tubes  we re 
centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes . The n,  0 . 2 ml o f  t he 
supe rnatant wa s c oun ted fo r radio act iv i ty .  The rate of  
palmi ta te o xida t ion wa s ex pres sed as na nomo le s oxidi zed/ 
mi nu tejm g prote i n ,  a nd wa s cal cula ted from t he s umma t ion of  
rad i oact iv i ty as  1 4co2 a nd 
1 4c-labeled a c id -so luble 
produc t s  produced from [ I- 1 4c ] -palmi ta te . Rad i o labeled co2 
accoun ted fo r less than 4 %  o f  the to t al r adioact iv i ty 
de tected . 
' 
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As say o f  Cyto chrome Ox ida se 
The a ct ivi ty of  cyto chr ome oxida se wa s mea s ured 
accordi ng to a s pectropho tome tr ic me thod ( 1 1 3 ) . The a ssay 
wa s pe rfo rmed on t he heart a nd h ind leg s kele tal mu sc le 
who le t issue homoge na tes t ha t  we re prepa red for 
de te rm i na t ion of  the rate of pal m i ta te oxida t ion,  j u s t  
described above . In  addi t ion,  t he a ct iv i ty o f  t he e nz yme 
wa s me asured on  t hese s ame homoge na tes a f te r  unde rgo i ng 
freeze- t haw i ng a nd son ica tion ( p . 39 )  for 1 5  seconds on  
ice . The a ssay i s  ba sed on  t he rate of  oxida t ion o f  
reduced cyto chrome c ( fe rrocyto chrome c ) , ' wh ich i s  me asured 
by fol low i ng t he de crease i n  t he abso rba ncy of  i ts �-ba nd 
a t  5 5 0 nm . 
I n i t ial ly ,  a 1 %  ( w/v ) so lu t ion of  fe rrocyto chrome c 
wa s prepa red a s  fol lows . One hundred m g  o f  ho rse heart 
cyto chrome c we re d i sso lved i n  1 0  mM  po t ass ium phos pha te 
bu f fe r ,  pH 7 . 0 .  Abou t 1 0-2 5 m g  of a scorbic  a c id we re t he n  
added t o  t he m i x ture . A f te r  di ssolving ,  t he so lu t ion wa s 
trans fe rred to a l e ng t h  of di alys i s  tubing ( s ize 8 ) , a nd 
t he ex cess a scorbic  a cid removed by di aly z i ng aga ins t 1 0  mM 
pot ass ium phos pha te bu f fe r, pH 7 . 0 ,  fo r abou t 2 4  hours w i th 
three change s of  t he bu f fe r .  Eve n t hough the s tabi l i ty o f  
the prepa red fe rrocyto chrome c so lu t ion i s  s uppose t o  be 
fo r seve ral mo nths , a fresh ba tch wa s prepa red t he da y 
be fo re t he e nz yme a ssay . 
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To a cuve t we re added 0 . 2 ml  of  0 . 1  M po tass i um 
phos pha te bu f fe r  ( pH 7 . 0 ) , 1 . 6 6  ml of  wa te r,  a nd 0 . 1 4 ml of  
1% fe rrocyto chr ome c solu t ion .  A bla nk wa s prepa red by 
addi ng 0 . 0 2  m l  o f  0 . 1  M po tass ium fe rricya n ide to a cuve t 
con ta in ing al l o f  the components above to o x i d i ze t he 
fe rrocyto chr ome c .  A f te r  tempe ra ture eq ui l i b ra t ion to 2 5° , 
0 . 0 2 m l  o f  t he who le t issue homoge na te ( - 0 . 2  a nd 0 . 1  m g  
prote in fo r ske le tal muscle a nd heart ,  respect ively ) wa s 
added to the s ample cuve t a nd ge ntly m i xed . The decrease 
i n  abso rba nce wa s me asured a t  5 5 0 nm a t  I S-second i n tervals . 
The act iv i ty of  the e nz yme wa s derived from V = k [ S ] , whe re 
� ( time0) 1 k = 2 . 3  l og A ( time + 1 ffiir. } min
- a nd S = c oncentrat ion 
0 
of fe rrocyto chr ome c i n  the react ion m i x ture . The s pe c i f ic 
ac t ivi ty of  cyto chrome o xida se wa s expressed a �  nanomo le s 
fe rrocyto chrome c o xidi zed/m i nu tejm g  prote in . 
As say of  Phos pha t idyle thanolamine Me thyltrans fe rase 
The a c t ivi ty o f  PEMT wa s me asured u s i ng a 
rad i o chem ical me thod ( 1 1 4 ) , bu t w i thout  e xoge nous 
phos pho li pid ( PC )  a nd de te rge nt ( deoxycho la te ) i n  t he 
react ion m i x ture . The a ssay i s  ba sed u pon t he me thyla t ion 
of e ndoge nou s PE present in  mic rosomes to form PC w i th 
[ 1 4c-me thyl ] -SAM a s  the me thyl donor . The hepa tic 
m i c rosoma l s uspe ns ion ( p . 4 4 )  wa s a ssayed . 
The fol low i ng components , whose concentrat ions a re 
ba sed u pon a to tal i ncuba tion vo lume of  1 . 4 ml , we re 
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i ncuba ted a t  3 7° for 1 5  minu tes : 0 . 3  M Tr i s " HCl ( pH 8 . 6 ) ,  
0 . 2  mM r 1 4c-me thyl ] -SAM ( sp .  act . 2 . 8  x 1 05 cpm/umo le ) a nd 
1 . 0  ml of  the m i c rosomal s uspe ns ion ( - 2 m g  prote in ) to 
i n i t ia te the react ion . A bla nk wa s prepa red by addi ng 0 . 1 4  
ml of conce ntra ted HCl be fo re addi t ion of  microsomes . Th i s  
same vo lume of  a c id wa s u sed to term i na te the react ion i n  
the s ample tube . 
Af te r  s topping t he react ion,  the rad i o labeled produc t 
( PC )  wa s e x tracted from the react ion m i x ture . To t he tube 
we re added 4 . 2 5  m l  of  me thanol/chloroform ( 2 . 5 : 1 ,  v/v ) . 
Af te r  vo rtex i ng ,  1 . 5 ml o f  wa te r a nd 1 . 5  ml  o f  chl oroform 
we re added a nd a ga in m i xed . A f ter  centr i fuga t ion a t  8 0 0  x 
g ,  a bipha s ic m i x ture wa s o btained . The u ppe r , aq ueous-
me tha nolic  p ha se wa s s uc t ioned o f f ,  a nd 1 . 0 ml o f  t he 
chl orofo rm p ha se wa s processed fo r l i q uid s c i n t i l la tion 
coun t ing ( p . 4 0 ) . The s peci fic  act iv i ty o f  PEMT wa s 
expressed a s  CPM/m g protein/ 1 5  m i nu tes . 
De te rm i na t ion  of  Mic rosomal Phos pho l i p id 
The leve l o f  PE a nd PC i n  t he hepa tic m i c rosomes wa s 
de te rm i ned u si ng t he m i c rosomal s uspe ns ion ( p .  4 4 ) . 
In i t ial ly ,  e x trac t ion a nd pur i fica tion o f  l i p id from t he 
microsomes wa s pe rfo rmed ( 1 15 ) . To 3 . 2  ml  o f  the 
microsoma l s uspe ns ion ( • 6  m g  prote in ) wa s m i xed 1 2 . 0  ml  o f  
me thanol/chl oroform ( 2 : 1 , v/v ) . A f ter  m i x i ng i n  4 . 0  m l  
each of  chl oroform a nd wa te r,  t he m i x ture wa s f i ltered 
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through a g la ss-s i n tered c rucible w i th me chanical vacu um 
di rectly i n to a 4 0-ml con ical g la ss centr i fuge tube . A f ter  
s toppe ri ng , the tube wa s centr i fuged a t  8 0 0  x g fo r 1 0  
minu tes . The top , aq ueous-me thanol ic  laye r wa s s uct ioned 
of f ,  al ong w i th the thin ,  de na tured prote i n  laye r .  Three 
ml of the l i p id-contain ing chl oroform p ha se we re removed 
i n to a smal l v i al a nd eva po rated to d rynes s w i th N2 ga s .  
The res idue wa s res uspe nded i n  0 . 1  m l  o f  chloroform . 
Qua nti tat ive a nalys i s  of  PE a nd PC i n  t he c oncentra ted 
l i pid ex tract wa s pe rformed by thin laye r chr oma tography 
a nd de te rm i na t ion of i norga nic p hos pho ru s ( 1 16 ) .  
A s il i c a  ge l G TLC pla te ( 2 0 x 2 0  em , t hickness of  
ge l -2 5 0  �m ) wa s f irs t scraped so t ha t  a 1 em c lear  g la ss 
borde r free o f  s il i ca ge l wa s produced al ong t he s ide s a nd 
top of t he pla te . Seve n 2 . 5 em w ide lanes we re t hen made , 
pa ral lel to t he s ide s of the pla te . The pla te wa s 
act iva ted by plac i ng i t  i n  a n  ove n a t  1 2 0° for  3 0- 6 0  
m i nu tes . A f ter  coo l i ng somewha t ,  0 . 0 3  ml  o f  t he 
concentrated l i p id e x tract wa s s pot ted i n  d u pl i ca te abou t  
2 . 5  em from t he bot tom o f  the pla te . On occa s ion,  
au thentic PE a nd PC  s tanda rds were also s pot ted for 
re fe rence , w i th respect  to m igration dur i ng a scend i ng 
deve l opme n t .  The s pot ting wa s d one w i th a Hami l ton  
m i c roli te r  syr inge ( Al ltech As sociates , I nc . , Deerf ield ,  
I L )  a s  a s e ries of  ho r izontal , ove rla ppi ng s po t s .  Dry ing 
wa s pr omo ted w i th a hair  drye r se t on the cold-a ir se tting . 
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Af te r  appl i c a tion a nd dry i ng o f  a� l sample s ,  a 1 e m  t h ick 
3-s ided cardboard s pa cer ( 2 0 x 2 0  x 0 . 5  em ) wa s pla ced on 
the sc raped g la ss borde rs of the pla te . Nex t ,  a 2 0  x 2 0  em 
cle ar g la ss cove r pla te faced w i th a s im i la rly s ized p i ece 
of Wha tma n # 1  f il ter  pa pe r wa s pla ced aga ins t t he ca rdboa rd 
spacer,  so tha t  the f ilter pa pe r wa s pos i t ioned be tween the 
cove r pla te a nd s pacer.  Two la rge pa pe r c lamp s  we re u sed 
to ho ld t h i s  sa tura t ion chambe r i n  pla ce . They we re 
c lamped a t  the top of  the a ssembly . An i l lu s tration of 
this  se tup can be seen elsewhe re ( 1 1 6 ) . 
Once the sandw i ched pla te a ssemb ly wa s se cured , i t  wa s 
immed i a te ly pos i t ioned , bot tom e nd f i rs t ,  i n  a c losed , 
g la ss deve lop i ng t ank ( 2 7 x 7 x 2 7  em , i ns ide d i me ns ions ) 
con tain ing chl orofo rm/me thanol/g la c i al a ce tic a c id/ wa ter 
( 1 7 5 : 1 05 : 2 8 : 1 4 ,  v/v i n  ml ) .  The deve lop i ng t ank wa s al lowed 
to eq u i l i b ra te fo r a t  le as t 4 hours be fo re pla te i nse rt io n .  
The po la r i ty of  the mo bile phase may have t o  be ad j u s ted by 
ma nipula t io n  of  the wa te r con tent  to g ive sa t i s facto ry 
migration of  PE a nd PC . The mo bi le phase wa s a l lowed to 
migrate to abou t 0 . 5  em of the top of  t he pla te , a t  wh ich 
t ime i t  wa s removed from t he tank a nd al lowed to d ry . 
PE a nd PC we re ide n t i f i ed aga ins t t he refe rence 
s tanda rds u s ing i odi ne vapo r as a de tecto r .  The pla te wa s 
placed i n  a c losed chambe r contain ing a few c rys tals  o f  
iodi ne . Af te r  expos ure to the vapo r fo r abou t 1 5- 3 0  
mi nu tes , t he presence o f  phos pho l i p id wa s reve aled a s  
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ye l lowi sh-brown s po t s .  PC di spla yed a l owe r migra t ion t han 
PE unde r t he cond i t ions o f  deve l opme nt .  Af te r  removal  of  
the pla te from the i odi ne chambe r,  t he colored s po t s  
represent ing the unknown s amples we re immed i a tely e nc i rcled 
u s i ng a need le po i n t .  Af ter emi ss ion of the iod i ne vapo r 
from t he s po t s ,  each e nc i rcled s pot  wa s s craped d i rectly 
i n to an a c id-wa shed tes t tube fo r phos pho l i p id d i ge s tion 
and o xida t ion . Ad jacent a reas of bla nk s il i ca ge l 
correspond i ng i n  s ize a nd pos i t ion to t he a reas conta in ing 
PE a nd PC we re a l so sc raped i n to tube s . A f te r  addi ng 0 . 5  
ml of  c oncentrated s ul f ur ic a c id to al l tube s , t hey we re 
placed i n  the tube block hea te r  ( p .  3 9 )  a t  2 5 0° for t hree 
hours . A f te r  abou t two hours of  d i ge s tion,  a l l  tube s we re 
sw i rled ge ntly to resuspe nd t he s il i c a  ge l .  Fo llow i ng t hi s  
dige s tion pe r iod , t he tube s  we re a l lowed t o  c ool , a nd 2- 3 
drop s of  3 0% ( wfw )  H2o2 we re added to e ach tube . The tube s  
we re then pla ced i n  a 1 6 0° ove n for  a n  addi t ional  hour , 
wi th a g la ss ma rble cove r .  
Af te r  cool i ng ,  the d i ge s ted a nd oxidi zed s ample s were 
proces sed fo r t he color ime tr ic de te rm i na t ion of  
phos pho li pid phos pho ru s .  I n i t ial ly ,  t he F i ske a nd SubbaRow 
reage n t  mus t  be prepa red a s  de scr ibed el sewhe re ( 1 17 ) . To 
2 00 m l  o f  freshly prepa red 1 5% ( w/v )  sodi um bi sulf i te 
( a nhydrou s )  wa s added 0 . 5  g o f  1-a m i no-2-naphtho l-4-
s ul fo n ic a c id (�  9 8% pur i ty ,  E a s tma n Koda k Co . ,  Roche s te r ,  
NY ) w i th me chan ical s tirr ing . Th is  wa s followed by the 
addi t ion of  1 . 0  g of  sodi um sul f i te ( a nhydrou s ) . The 
m i x ture wa s f iltered , a nd the f i ltrate s to red i n  a da rk 
bot tle . The reage nt wa s prepa red fresh we ekly . 
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To the s il i ca ge l -con ta in ing tes t  tube s  ( sample s a nd 
bla nks ) we re added 9 . 1  ml of  0 . 2 6% ( w/v ) ammon ium mo lybda te 
so lu t ion . To othe r  ac id-wa shed tube s  con ta in ing a n  
inorga nic phos phoru s s tanda rd ( 2 . 5  � g  P/1 . 0  ml , i . e . ,  1 1 . 0  
�g KH2P04/l . O  ml ) i n  a total vo lume of  3 . 6  ml , i nc lu s ive of  
0 . 5  · ml concen tra ted H2 so4 , we re added 6 ml o f  0 . 4 % ( w/v )  
ammon ium mo lybda te . A bla nk for the phos pho ru s s tanda rds 
wa s also prepa red , con ta in ing only 3 . 1  m l  de ion ized wa te r,  
0 . 5  m l  of  conce ntrated H2so4 , a nd the mo lybda te solu t ion . 
Al l of  the tube s  we re then mixed t ho roughly by vortex i ng . 
Nex t ,  0 . 4  ml  o f  the Fiske a nd SubbaRow reage n t  wa s added to 
each tube a nd aga in mi xed . The tube s  we re placed i n  a 
bo i l i ng wa ter ba th fo r 1 0  m i nu te s for color deve l opme n t . 
Alterna t ively , they we re pla ced i n  a 1 2 0° ove n for 3 0- 4 5  
m i nu te s  wi th a g la ss ma rble cove r .  
At  the e nd o f  color deve l opme n t ,  the tube s  were 
vortexed o nce mo re a nd a l lowed to cool comple tel y . S i l ica 
ge l -con ta i n ing tube s  we re then centr i fuged for 1 0  m i nu te s  
a t  8 0 0  x g .  The absorba nce of  the s upe rna tant  fluid , a s  
we l l  a s  the phos phoru s s tanda rds , was  me asured s pectropho to­
me tr ical ly a t  82 0 nm aga ins t the bla nk prepa red for the 
phos phoru s s tanda rds . The va lues obta ined for the s il i ca 
ge l -con ta in ing tube s we re a ppropr ia tely corrected due to 
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the smal l abso rba nce con tr ibu ted by the s il i ca ge l .  
The re fo re ,  the leve ls  of hepa tic mic rosomal PE a nd PC we re 
expressed a s  � g  phos pholi p id phos pho ru sjm g prote in . 
As say of  Gua n idoace ta te Me thyl trans fe ra se 
The act iv i ty of GAMT i n  t he hepa tic  cytopla smic 
frac t ion ( p .  4 4 )  wa s a ssayed by de te rm i n ing t he rate o f  
crea t ine fo rma t ion from gua nidoace ta te i n  t he presence o f  
SAM . The s ubs trate conce ntrat ion o f  the compone nts i n  t he 
react ion m i x ture wa s the same a s  tha t  de scr ibed e lsewhe re 
( 79 , 82 ) . A f te r  term i na t ion of  t he reac t ion ,  the c reat ine 
fo rmed wa s me asured w i th an e nz yma tic , spe ctropho tome tr ic 
me thod ( 1 18 ) .  Th i s  coupled procedure has be en empl oyed 
s im i l a rly by o t he rs ( 1 19 ) .  
The fo llow i ng compone nts , whose concen trat ions a re 
ba sed o n  a to tal i ncuba tion vo lume o f  1 . 0 ml , we re i ncuba ted 
a t  3 7° fo r 6 0  m i nu tes : 5 0  mM Tr is " HCl ( pH 7 . 4 ) , 2 mM  
gua n id oace tic  a c id ,  2 mM di thiot hre i to l ,  0 . 5 mM  SAM , a nd 0 . 4  
�1  of  the hepa t ic cytoplasmic  fract ion ( - 5  m g  prote in ) . 
The react io n  wa s term i na ted wi th 0 . 5  m l  o f  1 0% ( w/v ) HClo4 • 
A b la nk wa s run fo r each i nd i v idual s ample of  cytopla smic 
fract ion to correct fo r t he pre- fo rmed c re a t i ne present 
be fo re t he reac t ion . Th i s  wa s d one by addi ng a c id to t he 
react ion m i x ture pr ior to addi tion of  the e nz yme prepa ra t io n .  
A f te r  term i na t ion of  the reac t ion ,  2 . 0  m l  o f  a 
tr ie tha nola m i ne " HCl/K2co3 bu ffe r  so lu t ion ( 2 : 1 . 9 ,  w jw i n  
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gr ams , d i sso lved i n  wa te r to a vo lume o f  2 5  m l  a nd y i elding 
a pH of  9 )  we re added to each tube . The tubes  we re t hen 
placed i n  a n  ice ba th fo r 3 0  m i nu tes to prec i p i ta te KClo4 • 
Af ter  centr i fug i ng a t  9 0 0  x g for 1 0  m i nu tes , the 
s upe rna tant wa s a ssayed fo r c rea t ine a f te r  eq ui l i b ra t ing to 
room tempe rature . 
The fo llow i ng components we re p i pe tted s uc cessively  
i n to a q ua rtz cuve t :  2 . 0  m l  o f  t he neu tral i zed a nd 
bu f fe red s upe rna tan t ,  0 . 1 5 ml  of  a phos pho enolpyruva te 
( PE P ) -magn es ium chloride solu t ion ( 1 4 m g  PEP ,  
tr icyc lohexylammonium sal t ,  a nd 3 00 mg Mgcl 2 i n  3 . 0 m l  
wa te r ) ,  0 . 0 7 5  m l  o f  a NADH-ATP so lu t ion ( 1 6 m g  NADH a nd 
3 0  m g  ATP , di sod i um sal t ,  i n  2 . 0 ml  o f  5 %  ( w/v ) Na HC03 ) ,  
0 . 0 4 ml  of  a lactate de hydroge nase ( LDH , EC 1 . 1 . 1 . 2 7 )  
pyruva te k i na se ( PK ,  EC 2 . 7 . 1 . 4 0 ) e nz yme m i x ture ( 1  m g  o f  
each prote i n/ml o f  2 . 1  M ( N H4 ) 2so4 , p H  7 ;  s p .  ac t . : 
LDH- 9 6 0  un i ts/m g prote in a nd 1 0 . 3  m g  protein/ml , PK- 5 1 5  
un i ts/m g prote i n  a nd 1 8 . 3  m g  prote i n/ml ) .  A f te r  m i x i ng 
w i th a t hin g la ss rod a nd wa i t i ng 1 0  m i nu tes , t he i n i t ial 
abso rba nce ( E 1 ) wa s recorded a t  3 40 nm a ga i ns t wa te r .  
Nex t ,  0 . 0 5 m l  o f  a freshly prepa red e nz yme solu t ion o f  CPK 
( 6 0 mg of the lyoph i l i zed prote i n ,  s p .  a c t . 1 9 0  u n i ts/m g 
so lid o r  1 9 0 un i ts/m g prote i n ,  pe r ml of  a 1 : 1 0 d i l u t io n  o f  
5 %  ( w/v ) NaHC03 ) wa s added a nd ge ntly m i xed t o  i n i t ia te t he 
cou pled seq ue nce of  react ions . 
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Af te r  6 0  m i nu tes,  t he f i nal absorba nce ( EF ) wa s take n .  
The change i n  abso rba nce ( 6E )  wa s o bt a i ned f rom E I - EF , 
and reflects t he oxida t ion of  NADH dur i ng t he react ion 
seq ue nce . U s i ng a mo la r ext inct ion coe f fic i en t  of  6 . 2 2 x 
3 1 0  fo r NADH a t  3 4 0 nm a nd s ubs t i tu t ing A =  ( am ) ( C )  ( L ) , a 
6E of  0 . 1 00 corresponds to 0 . 0 1 6  �mo le of  NADH/ml . Thus ,  
w i th a to tal i ncuba tion vo lume of 2 . 3 15 m l ,  a 6E  o f  0 . 1 00 ,  
a s  the react ion proceeds , s hould correspond to 0 . 0 37 � mole 
of NADH oxid ized to NAD . As s uch , 0 . 0 37 � mo le o f  c reat ine 
would have to be present to al low fo r t he o x i da t io n .  I n  
othe r  wo rds , a 6E of  0 . 1 00 s hould i nd i c a te t he presence o f  
0 . 0 37 � mo le o f  c rea t ine . The re fo re ,  the amoun t o f  c re a t ine 
ge ne ra ted dur i ng t he e nz yme a ssay ca ·n be a sses sed , a nd 
a f te r  conve rs ion,  the act iv i ty of  GAMT de te rm i ned . The 
s pe c i fic  a c t iv i ty o f  GAMT wa s ex pres sed a s  n anomo le s 
crea t i ne fo rmed/hr/m g prote in . 
As say of  Arg i n ine-Glyc i ne Transam id i na se 
The a ct iv i ty of AGTA wa s me asured color ime tr ical ly 
( 1 2 0 )  i n  t he k idney cytopla smic  fract ion ( p . 4 4 ) . In t he 
· presence of  a rg i n ine a nd hydroxylam i ne ,  t he e nz yme 
ca talyze s  t he fo rma tion of o rn i thine a nd hydroxygua nid i ne . 
The la tte r produc t can be f ur t he r  reac ted to fo rm a 
chromoge nic complex . 
The fo llowi ng m i x ture wa s i ncuba ted fo r 9 0  m i nu tes a t  
3 7° : 0 . 1  m l  of  1 M  po tassium phos phate bu f fe r  ( pH 7 . 4 ) , 
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0 . 1  ml  of  1 M L-a rg i nine HCl , 0 . 3 m l  of  2 M N H20H " HC1 
( neu tral i zed ) ,  a nd 0 . 5  ml  of kidney cytoso l ( - 4  m g  
prote in ) . A b la nk wa s prepa red by s ubs ti tu t ing 1 0  m g  o f  L­
orn i th ine " HCl i n  place of t he a rg i nine . A s ta nda rd 
con ta ined 1 5 0 )J g  ( 0 . 5 6 3  JJ mo le ) of hydroxygua n id i ne s ul fa te 
i n  place of  the e nz yme prepa ra tion .  The react io n wa s 
term i na ted by addi ng 0 . 4  ml  of  3 0% ( w/v )  TCA a nd 1 . 0 ml  
wa te r to  t he i ncuba t ion mi x ture . A f ter  1 0  m inutes , t he 
mix ture wa s centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes . 
To a tes t tube wa s added 1 . 0 ml  o f  t he s upe rna tan t ,  
fo l low�d by .0 . 5  m l  of  wa te r,  2 . 0  ml o f  1 M  pot ass ium 
phos pha te bu f fe r  ( pH 7 . 0 ) , 0 . 3  ml  o f  acetone ,  a nd 0 . 3  ml  o f  
a 1 %  ( w/v ) solu t ion o f  tr isod i um pe ntacya noam i no fe rra te .  
The m i x ture· wa s tho roughly vo rtexed . Af te r  s tand i ng f o r  1 0  
mi nu tes , t he abso rba nce wa s me asured a t  4 8 0 nm aga i ns t t he 
bla nk . The s pe c i fic  act iv i ty of  AGTA was  e xpressed a s  
nanomo le s hydroxygua nid i ne fo rmed/hr/mg prote i n .  
De term i na t ion o f  Ti ssue Leve ls o f  Crea t i ne 
Wi th respect  to l i ve r ,  one gram o f  t issue ( we t  we igh t )  
wa s homoge nized i n  3 m l  o f  1 0% ( w/v ) , i . e . , 1 M ,  HClo4 • 
Qua nt i tat ive trans fe r  of  the homoge na te from t he 
homoge niz i ng ve s sel to a centr i fuge tube was  fac i l i ta ted by 
us i ng a n  addi t io nal 3 ml of t he a c id a s  the trans fe r med i um . 
The t ube wa s centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes . Nex t ,  
5 m l  o f  t he s upe rna tant we re neu tral i zed w i th 2 . 1 5 m l  o f  2 
N KOH w h i le i n  a n  i ce ba th for 1 5  m i nu tes . Th is  m i x ture 
wa s s ubseq ue ntly centr i fuged aga in a t  9 0 0  x g for 1 0  
m i nu te s .  Final ly , 1 . 5  m l  of  the s upe rna tant was a ssayed 
fo r c rea t ine i n  the s ame ma nne r a s  be fo re ( pp.  6 6-6 7 ) , 
a f ter  addi t ion of  0 . 5  m l  of  the tr ie thanola m i ne " HC1/K2co3 
bu f fe r, pH 9 ,  ( pp .  6 5- 6 6 )  to g ive a vo lume o f  2 . 0  m l . 
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I n  t he case o f  h ind leg s kele tal muscle , o ne gram o f  
t i ssue wa s homoge nized i n  5 m l  of  5 %  ( w/v ) , i . e . , 0 . 5 M ,  
HCl04 • The homoge na te wa s trans fe rred to a centr i fuge 
tube , u s ing 6 ml  mo re of t he a c id to fa c i l i ta te comple te 
trans fe r .  A f te r  centr i fuga t ion at  9 0 0  x g fo r 1 0  m i nu tes , 
4 ml o f  t he s upe rna tant we re neu tral i zed i n  a n  ice  ba th 
w i th 1 . 8 m l  of  1 N KOH .  A f ter 15 m i nu tes , t he m i x ture wa s 
aga in centr i fuged a t  9 0 0  x g fo r 1 0  m i nu tes . F i nal ly , 0 . 2  
ml of  t he s upe rna tant  wa s u sed for  t he c rea t i ne a ssay { pp .  
6 6-6 7 ) , a f te r  add i ng 0 . 8  ml  of  wa te r a nd 1 m l  o f  t he 
tr ie thanola m i ne · HC1/K2co3 bu ffe r,  pH 9 ,  ( pp .  6 5- 6 6 )  to g i ve 
a volume of  2 . 0  m l . 
Res ul t s  we re expressed a s  � c rea t ine/g we t t issue 
we igh t .  
De te rm i na t io n  o f  Crea t i n ine i n  2 4-Hour U r ine Sample 
The u r i ne collected i n  t he cen tr i fuge tube s fo r e ach 
a nimal i n  t he me tabol ic  cage s ( p . 4 3 )  was centr i fuged a t  9 0 0 
x g fo r 1 5  m i nu tes to remove a ny debris prese nt . The 
s upe rna tant wa s poured i n to a gradua ted cyl i nde r t hr ough 
f ilter  pa pe r .  The vo lume was recorded fo r t he 2 4-hour 
col le ct ion pe riod . 
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Crea t i n ine i n  the urine wa s me asured color ime tr ical ly 
( 1 2 1 ) . To a tes t  tube we re added 0 . 0 5  m l  o f  t he f il te red 
ur i ne ,  3 . 9 5  m l  of wa te r ,  1 . 0  ml  of a p i c r ic a c id solut io n 
( 0 . 0 4 mo le/L ) ,  a nd 1 . 0  ml  of  a NaOH so lu t ion ( 0 . 7 5 mole/L ) . 
A s tanda rd wa s also prepa red by s ubs t i tu t ing 0 . 0 2 m g  o f  
crea t i n ine i n  0 . 0 5 m l  o f  wa ter i n  place o f  ur ine . Wa ter 
wa s u sed i ns tead o f  ur ine in t he bla nk .  A f te r  m i x i ng t he 
con ten ts o f  t he tube s a nd al low i ng to s tand fo r 1 5  m i nu tes , 
the abso rba nce wa s me asured a t  5 00 nm a ga ins t the bla nk . 
The c rea t in ine prese nt i n  t he s ample wa s de rived by 
compa rison  w i th the s ta nda rd , a nd t hen q ua nt i ta ted fo r t he 
2 4-hour pe riod . Res ul t s  we re expressed a s  m g  c rea t i n ine 
excre ted/ 2 4  hou rs o r  1 00 g bwt .  
Prote i n  De term i na t ion 
The amoun t o f  prote i n  prese nt i n  t he t i ssue 
homoge na tes a nd s ubce l lu la r fract ions wa s q ua nt i ta ted u s i ng 
a s pectropho tome tr ic procedure ( 1 22 ) .  In i t ial ly , t he 
Biuret  reage nt wa s prepa red a s  fo llows : 1 . 5  g o f  cuso4 · 5  
H2o a nd 6 . 0  g o f  NaKc4s4o6 · 4  H2o we re d i ssolved i n  abou t 
5 00 m l  of  wa ter .  To t his  m i x ture wa s added w i th cons tant 
s ti rring 3 00 ml  o f  freshly pr epa red , ca rbona te- free 1 0% 
(w/v ) NaOH ( 3 0 g NaOH d i sso lved i n  3 00 ml  o f  pre-boi led 
wa ter ) .  Th is m i x ture i n  turn wa s d i l u ted to 1 l i te r .  The 
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"prote i n  reage nt"  wa s prepa red by m i x i ng t he B i ure t reage nt 
wi th 2 . 3% ( w/v ) Na2co3 ( 1 : 7 , vjv ) . 
The t issue homoge na tes a nd s ubcel lula r f ract ions we re 
appr opr i a tely d i l u ted to y i el d  5 0- 6 0 0  � g  prote in/mi . To 
0 . 8  m l  of  t he s ample we re added 3 . 2  m l  o f  t he " prote in 
reage nt" . The m i x ture wa s vo rtexed a nd al lowed to s tand 1 0  
m i nu tes . Nex t ,  wh ile t he m i x ture wa s be ing vo rtexed aga i n ,  
0 . 1  m l  o f  und i l u ted 2 N  Fo li n-C io cal t eau phe nol reage nt was  
added . The m i x ture wa s al lowed to s ta nd fo r 3 0  m i nu tes , 
a nd t he abso rba nce wa s me asured a t  7 50 nm aga ins t a b la nk .  
A s tanda rd wa s also prepa red u sing bov i ne se rum a l bu m i n  
( 1 6 0  �g/0 . 8  m l ) . The amount  of protein  i n  t he s amples  wa s 
de rived by compa rison w i th this  s tanda rd . 
S ta t i s tical Analys is 
Stat is tical d i f fe rences we re eval ua ted u s i ng a nalys is 
of va r iance ( ANOVA ) a nd Dunca n ' s new mult iple r ange tes t 




E f fect  of  Modula t ing the S-Ade nos ylme th ion ine to 
S-Ade nos ylhomo cys te i ne Ra tio In Vi tro on the Act iv��ies of  
t he Sul f hydryl Xe nobio t ic Transme thyla ses a nd Prote in 
( Lys ine ) Me thyltrans fe rase i n  Ra t Live r 
Us i ng cel l-free e nz yme prepa ra t ions from rat l i ve r ,  
bot h TPMT a nd TMT a c t iv i ties we re i nflue nced b y  modula t io n  
of t he S AM : SAH r a t io . As s hown b y  Figure 1 0 , decreas ing 
t he ratio  ove r a b road range ( 16 : 1 - 0 . 5 : 1 )  cau sed a 
correspo nd i ng i nh ib i tion of  TPMT act iv i ty .  Th is  i nh ibi to ry 
e f fect  o ccur red a t  4 0  a nd 1 2 0 � M  S AM ,  a s  l ong a s  t he 
concen tration o f  SAH i n  the react ion m i x ture was 
appropr i a tely ad ju s ted to the de s ired a bsolu te mo la r ratio .  
Howeve r ,  a t  4 �M S AM ,  the e f fect wa s not a s  pronounced . 
Wi th respect  to TMT , the modula ting e f fect  o f  t he SAM : SAH 
ra t io wa s o bse rved mo re c learly ( Figure 1 1 ) . Eve n t hough 
only one concentra t ion of S AM wa s employed , PLMT a c t iv i ty 
also tended to be modi f i ed i n  t he s ame ma nne r ( Table 3 ) . 
Ef fe c t  of  D , L-Hom�cys te i ne Th io lacto ne Adm i n i s tr a t io n  on 
Ra t Live r Ti ssue Levels of  S-Ade nos ylme th io n i ne a nd 
S-Ade nos ylhomo£�s te i ne a nd t he Act iv i t ies o f  t he Hepa tic 
Su l f hydryl Xe nobio t ic Transme thyla ses  a nd 
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S A M : SAH Rat i o  
The l ive rs f rom t hree a n imals  we re pooled t o  o bta in t he 
enz yme prepa ra t ion u sed in  these e xpe rime n ts . The a ssay 
procedure wa s pe rfo rmed w i th three d i f fe re n t  concen trat ions 
of  SAM : 4 pm ( 8  e---e ) ,  4 0  pm ( c> - -o- - -Q ) ,  a nd 
1 2 0  ).l m  ( 0--D-D > The concen tra t ion o f  SAH wa s 
a ppropr i a tely ad j u s ted in  each ca se to obta in t he des ired 
SAM : SAH ra t io i n  the react ion m i x tures . Each po i n t  
represe n ts the  a ve rage of  three dupl i ca te determ i na t ions . 
Each dupl icate de te rm i na t ion wa s conducted sepa ra te ly u s i ng 
a freshly-prepared , pooled t issue e x trac t e ach t ime . 
Figure 1 0 . Modul a t ion of  ra t l i ve r  t h iopur ine me thyl ­
tra ns fe ra se i n  v i tro by t he s-ade nos yl­
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SAM : SAH Rat io 
The l i ve rs f rom t hree a nimals  we re pooled to o bt a in t he 
enz yme prepa ra t ion u sed i n  these e xpe r ime n ts . The a ssay 
procedure wa s pe rformed w i th t hree d i f fe re n t  concen tra t ions 
o f  SAM : 1 0  J,l m  (e e----e ) ,  1 00 lJm ( 0- - -0- - -Q) , a nd 
1 00 0  J,l m  C D---0-0> The concen tra tion o f  SAH wa s 
appropr i a tely  ad j u s ted i n  each case to obta in t he des ired 
SAM : SAH  ra t i o  i n  the rea c t ion mi x tures . Each po i n t  
represen ts t h e  a ve rage o f  three dupl i ca te de te rm i na t ions . 
Each dupl i ca te de term i na t ion wa s conduc ted sepa ra tel y  u s ing 
a freshl y -prepa red , pooled t i ssue e xt rac t each t ime . 
Figure 1 1 .  Modula t i on o f  ra t l i ve r thiol  me thyl t rans fe ra se 
i n  v i tro by the s-ade nos ylme th ionine to 
s-ade nos yl homocys te i ne ra tio  
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TABLE 3 
Ef fe ct of  S-Adenos ylhomocys te ine on Ra t Live r  
Pro te in ( Lys ine ) Me thyl trans fe ra se Ac t iv i ty I n  V i tro 
% Enz yme 
Prote i n (  Lys ine ) Inh ib i t ion 
SAM SAH SAM : SAH Me thyl trans fe rase by SAH 
pmol [ 1 4c-me thyl ] -SAM 
M M u t i l i zed m i n  - 1  
mg prote i n  - 1  
9 . 6  o . o  1 .  07  
9 . 6  0 . 6  1 6 . 0  0 . 9 8 8 
9 . 6  1 . 2  8 . 0  0 . 93 1 3  
9 . 6  2 . 4  4 . 0  0 . 8 1  2 4  
9 . 6  4 . 8  2 . 0  0 . 6 8  3 6  
9 . 6  9 . 6  1 . 0  0 . 52 5 1  
9 . 6  19 . 2  o . s  0 . 3 4 6 8  
The s tanda rd e nz yme a ssay wa s carr ied ou t u s i ng a 1 : 9  ( W/V ) 
t issue homogena te i n  0 . 2 5 M sucrose con ta in ing 3 mM cac1 2 • SAH wa s added to t he i ncuba t ion m i x ture a s  i nd i ca ted . 
Res ults  a re the ave rage o f  2 dupl i c a te de te rm i na t ions . 
,) 
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As s hown by the da ta i n  Table 4 ,  adm i n is tra t ion o f  
D , L-homo cys te i ne thio lactone to r a t s  produced a dose-
rela ted eleva tion  in  the hepa tic t issue leve l s  o f  both SAM 
a nd SAH i n  v i vo . Howeve r ,  there wa s a s ubs tantial ly 
grea te r ,  rela tive eleva t ion of S AH fo l low i ng drug trea tme nt 
( 5 0 0  o r  1 00 0  m g/kg bwt ) ,  as  reflected by t he de cli ne in  the 
SAM : SAH r a t io . Th i s  i n  turn wa s a ssoc i a ted w i th i nh ibi tion 
of  o nly one of t he hepa tic s ul f hydryl xe nobio t ic 
transme thyl a se s ,  namely TPMT . Spe c i f ical ly , whe n  t he 
SAM : SAH r a t io wa s l owe red from 3 . 19 i n  t he con trol group to 
0 . 9 1  ( 5 0 0  m g/kg bwt ) a nd 0 . 6 7  ( 1 0 0 0  m g/kg bwt ) ,  t he 
act iv i ty of  TPMT wa s reduced by abou t  3 5  a nd 6 3% ,  
respect ively . Unde r t he same cond i tions , howeve r ,  t he re 
wa s n o  s ign i f icant  e f fect bn the act iv i ty o f  TMT . 
In  o t he r  expe r ime nts , the act iv i ty o f  PLMT i n  l i ve r 
wa s also s hown to be s ubject to modula tion ,  a s  t he hepa t ic 
SAM : SAH r a t io wa s l owe red by i nject ion o f  D , L-homo cys te ine 
t h io lacto ne to a nimals  ( Table 5 ) . At  t he h ighe s t  dose 
u t il i z ed ( 1 0 0 0  m g/kg bwt ) , the level of  SAH i ncreased 4 0-
fo ld w i th abou t a n  8 -fo ld de crease i n  t he SAM : SAH r a t io . 
PLMT act iv i ty i n  l i ve r  of  the tes t a n imal s  was  i nh ib i ted by 
mo re t ha n  8 0% c ompa red to sal i ne-trea ted c on trol a nimal s . 
TABLE 4 
E f fe c t  o f  D , L-Homocys te i ne Th i o lacto ne Adm i n i s tr a t ion on Ra t L i ve r  T i ssue Leve l s  o f  
S-Ade nosylme thionine a nd S -Ade nosyl homocys te ine a nd t he Ac t iv i t i es o f  
Th iopur i ne Me t hy l t rans fe rase a nd Th i o l  Me thyl trans fe rase 
--------------- ----- --------------- -----· ---------------------
Trea tme n t  SAM SAH SAM : SA H  TP:oiT Tl'1T 
---- - - -- - - ---- --
nmol/g cpm x 1 0
-3/ 3 0  m i njmg Pro 
Sa l i ne 9 8  + 4a 3 2  + 28 3 . 19 .:!:. 0 . 3 3  a 2 . 5  + O . la 1 7 . 5  + 2 . l a 
( 2 m l/ k g  bw t )  
D , L-homocys te i ne t h io lactone 2 2 3  + 4 5
b 2 5 3  + J lb 0 . 9 1  + 0 . 2 0b 1 .  6 + o .  2b 1 7 . 8  + 3 . 4a 
( 5 00 mg/2 m l  s a l i ne/kg bw t )  
D , L-homo cys te i ne t h i o la c to ne 3 6 0  + 3 5c 5 6 0  + 6 2c 0 . 6 7  + 0 . 09b 0 . 9  + O . Jc 1 5 . 7  + 2 . 9a 
( 1 00 0  m g/2 m l  s a l i ne/kg bw t )  
----- - - - - - - -- ---------
An i ma l s  we re i njec ted i n trape r i to nea l ly a nd sac r i f i c ed 4 0  m i nu tes l a te r .  Va l ue s  represe n t  the 
ave rage + SEM for 5 ra t s .  
d i f fe rent ( p > 0 . 0 5 ) . 
Da ta s ha r i ng a common s upe rs c r i p t  i n  a column a re not s ign i f ic a n t ly 
-...I -...I 
TABLE 5 
E f fect o f  D , L-Homocys te i ne Th i o la c to ne Adm i n i s tc a t io n  on Ra t t.ive c T i s s ue 
Leve ls o f  S-Adenosylme th ion i ne a nd S-Adenos yl homo cys te i ne a nd 
Prote i n ( Lys i ne ) He thyl t ra n s fe ca se Act iv i ty 
--
-- - ·- - - -
--
Trea tme n t  SM·I SAH 
- - - --
nmo l/g 
Sa l i ne 1 0 1 + 48 2 4  + 2a 
( 2  ml/kg bw t )  
D , L-homo cy s te i ne t h i o la c to ne 4 5 0  + 7 2b 3 7 1  + l OOb 
( 5 00 mg/2 m l  sal i n�/kg bw t )  
D , L-homocys te i ne t h io l� c to ne 5 2 5  + 5 lb 9 7 0  + 1 26c 
( 1 000 mg/2 m l  s a l i ne/kg bw t )  
--- - - - - - - - - -------- - - -
Prot e i n (  Lys i ne )  
SAH : SAH He thy l tcans fe case 
pmo l [ 1 4c-me thyl ) -SAH 
u t i l i zed m i n- I m g  prote i n · l 
a a 4 . 3 5 � o . 4 9 1 . 1 2 + o . o a 
1 . 3 3  + O . l8b 0 . 4 2  + 0 . 0 6b 
0 . 5 6 + o . o 6b 0 . 2 0 + o . o 2c 
An ima l s  ( 2 2 5-3 00 g bw t )  we re i nj e c t ed i n trape r i to nea l ly a nd s ac r i f iced 3 0  m i nu tes la te c .  Va l ue s  
repcesent t hl'! ave cage + S EH fo r 5 r a ts . Da ta s ha r i ng a common s upe rsc r i pt i n  a c olumn a re n o t  
s ign i f icantly d i f fe ce nt ( p> 0 . 0 5 ) . 
....., 00 
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Feed Cons ump t io �, Growth ,  a nd Symp toma to l��y o f  Pyr idox i ne­
De f ic i en t Ra ts 
Ra ts fed t he pyr idoxi ne-de f ic i en t  d i e t  for the 6 -7 
week pe riod d i splayed s ymptoms of  vi tami n  de f ic iency . In 
addi tion to an unkempt appearance , de rma tos is  of t he paws 
and nasal a rea wa s ev ide n t .  I n  a few i sola ted cases , i . e . , 
2 out  o f  1 5  rats , hema tur ia wa s o bse rved . As s hown i n  
Tab le 6 ,  these a nimals  cons umed o nly  4 5% o f  the to tal feed 
i n take of  a nima l s  i n  t he con trol group rece iving t he s ame 
d i e t  s uppleme nted w i th p yr idox i ne .  Moreove r ,  pyr idoxi ne­
de f ic i en t a nd pa ir-fed rats had a to tal we igh t ga in of only 
2 5  a nd 3 5% ,  respe c t ively , of  t hat  expe rienced by con trol 
a n imals . The s ign i f icantly  lowe r fe ed e f fic i ency r a t io 
a scerta ined fo r t he pyr idoxi ne-de f ic i en t  d i e t  con f i rms t he 
i nab i l i ty of  this  d i e t  to s uppo rt a n imal grow t h  to t he s ame 
exten t ,  a s  i n  t he presence of added p yr idox i ne . 
E f fect  of  Pyr idoxi ne De f ic i e��Y on the Hepa t ic Ti ssue 
Levels of S-Ade nos ylme thion ine a nd S-Ade nosyl homo cys te i ne 
As dep i cted i n  Figure 1 2 ,  t he t issue level o f  SAM i n  
l i ve r  did not d i f fe r  amo ng the t hree grou ps o f  a nimal s .  
Howeve r ,  p yr idoxi ne-de f ic i ent rats had a concentr a t ion o f  
SAH approx i ma tely  5 - fo ld h ighe r  t han tha t  o f  e i t he r  t he 
pa ir- fed o r  con trol rat s .  I n  o t her  wo rds , t he abso lute 
mo la r r a t io of  S AM to SAH in l i ve r  dropped from abou t 4 . 4 
i n  both the con trol a nd pa ir-fed rats to 0 . 9 i n  t he 
TABL8 6 
Total Feed I n take a nd We igh t Ga i n  o f  Con trol , Pa ir-Fed , a nd Pyr idox i ne-De f i c ient 
Ra ts Fed Di e tary Re g ime s for 6-7 Weeks 
An imal Group Feed I n take We ight  Ga in 
·--- - - · - - - - - - -
Fe ed 8 f  f i c ienc� 
Ra t io o f  Di e t  
--- - -- - - - - - - - - - - - - --------- - ---·-- -- - - - · - - -· 
--- - - - - - - -------- - - -·--- - - - - -
Control 
Pa ir-Fed 
Pyr idoxi ne-De f ic ie n t  
1To tal We igh t Ga i n  
To fa1-Food-I n take 
g 
8 6 7 . 3 + 1 2 . 72a3  
3 8 3 . 4  + 1 1 . 8b 
3 9 2 . 1 + 1 3 . 1b 
- - --· 
2values  a re the ave rage + SEM fo r 5 a nima ls . 
g 
3 4 2  + sa 0 . 3 9 4  + o . o o sa 
- -
1 2 1  + sb 0 . 3 1 4 + 0 . 0 1 1b 
-
8 7  + 3c 0 . 2 2 2  + 0 . 0 0 7  c 
- -
- - - --- - - - - - - - - - - - -
3va lues i n  a column not  fo l lowed by t he same supe rsc ript le tte r  a re s ign i fican tly 
di f fe rent ,  p< O . O S .  
(X) 0 
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A N I M A L  G RO U P  
Va lue s repre s ent the average + SEM for 5 rats in e ither the 
control ( A ) , pair-fed ( B ) , or-pyridoxine-de f i cient (C )  
animal groups . 
* Significantly dif fe rent from control and p�ir- fed groups 
( p< O . O l ) . 
Figure 1 2 .  Rat l iv�r t is sue leve l s  of S-adenosylmethion ine 
and s - adenosylhomocyste ine dur ing pyr i doxine 
defic iency 
pyr idoxi ne-de f ic i ent  ones . Th is  f i nd i ng wa rra nted t he 
i nves tiga tion o f  t he e f fect of pyr id oxi ne de f ic i ency on 
transme thyla t ion . 
Ef fect  of  Pyr idox i ne De f ic i ency on t he Act iv i t ies of  the 
Hepa tic  Sul f hydryl Xe nob�ot ic Transme thyla ses  
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Despi te a reduc t ion of the hepa tic SAM : SAH ratio i n  
the pyr id oxi ne-de f ic i ent rat ,  n o  s ign i f icant  e f fect on t he 
act iv i t ies of  e i the r TPMT o r  TMT i n  l ive r  wa s obse rved 
( Table 7 ) . 
E f fe c t  of  Pyr idox i ne De f ic iency on He pa tic  Prote in ( Lys ine ) 
Me thylt rans fe rase Ac t iv i ty a nd Carn i t ine Level s  a nd Fa t ty 
Ac id Ox ida t ive Capa c i ties of Skele tal Mu scle a nd He art 
As s hown in Tab le 8 ,  t he act iv i ty of PLMT in l i ve r was 
reduced by abou t 2 6% i n  t he pyr idoxi ne-de f ic i ent ra t .  
The re fo re ,  t issue leve ls of to tal ac id-so luble c a rn i t ine 
( A SCN E )  i n  h ind leg s kele tal musc le a nd heart w e re e xa m i ned 
( Figure 1 3 ) . ASCNE concentrat ions i n  t hese two t issues 
we re roughly 2 9  a nd 2 5% less ,  respect ively , t han t he values 
obta ined e it he r  fo r pa ir-fed or control rats . These da ta 
prompted de te rm i na t ion of t he capac i ty o f  the t issues to 
ca rry out fa tty a c id oxida tion i n  v i tro . 
When t he ra te o f  to tal palmi tate ox ida t io n  wa s 
evalua ted i n  both s kel e tal mu sc le a nd heart t issues u s ing 
who le homoge na tes ( Table 9 ) , pa ir- fed r a ts unexpe cted ly 
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TABLE 7 
Ac t ivi t i es of  Ra t Liver  Sul f hydryl Xe nobio t ic 
Transme thyla ses Dur ing Pyr idox i ne De f i c i ency 
An ima l Grou p TPMT TMT 
cpm x 1 0-3/3 0 m i n/mg Pro 
Control 3 . 5  
Pa ir-Fed 3 . 4 






0 . 3a 
0 . 4a 
0 . 4a 
18 . 8  + 4 . 4a 
1 4 . 8  + 2 . 0a 
1 7 . 1  + 3 . 5a 
-
Va lue s  represent  the ave rage + SEM fo r 5 rats . Da ta 
shar ing a common s upe rscript le tter in a column a re not 
s ign i ficantly d i f fe rent  ( p> O . O S ) . 
TABLE 8 
Ef fe c t  o f  Pyr idoxine De f ic i ency on the Ac t iv i ty o f  
Prote i n ( Lys ine ) Me thyl trans fe ra se i n  Ra t Live r 
An imal Group 
Prote i n (  Lys ine ) 
Me thyl t rans fe rase 
8 4  
---- - - - ------------------ ---------------"-
Con trol 
Pa ir-Fed 
Pyr idoxi ne-De f i c ient  
pmol r 1 4c-me thyl ] -SAM 
u t i l ized m i n  - 1 mg prote in-1 
1 . 0 1 + 0 . 0 2a 
-
0 . 9 8  + 0 . 0 3a 
-
0 . 7 3 + o . o sb 
-
Value s  represe n t  the ave rage + SEM for 5 ra ts . Da t a  
s haring a common s upe rscr ipt Te tter i n  a column a re not 
s ign i f icantl y  d i f fe rent  ( p>O . O S ) . 
-- --
-



























A B C 
A N  I MAL GROU P 
Va lues represent the average ± SEM for 4 anima l s  
* Significantly different from control and pair- fed groups 
( p < O . O S ) .  
Figure 1 3 .  Tota l acid -soluble carnitin� in ske leta l 
mus c le G.! and heart !-i o f  control ( A )  , 




Palm i ta te Ox i da t ion i n  Ske l e ta l  Muscle a nd He a r t  T i ssue o f  Con trol , 
Pa i r- Fed , a nd Pyr idox i ne-De f ic i e n t  Ra ts 
---- -------- · 
Pa l m i tate Ox i da t io n  
An ima l Grou p ( pmo l/mi n/m g  prote i n )  
- ----- Sk&le tal Mu sc le T i ssue - ----- - ---------- He a rt T i ssue - ----------
Con trol 
l'a ir- Fed 
� y r idox i ne-De f ic i en t 
-- · - - - - - - -
w i thou t 
carn i t i ne 
2 0 1  + 2 88 
1 1 1 + 5b 
1 4 9  + 2 38b 
- -- -- -
w i th \ s t imula -
ca rn i t i ne t io n  
2 5 9 + 4 6a 29 
1 48 + l Ob 3 3  
19 8 + 2 88b 3 3  
w i thout w i th \ s t imu l a -
ca rn i  t i ne ca rn i t i ne t ion 
962 + 1 288 1 082 + 1 7 9a 1 2  
12 0 + 5 5a 8 4 1  + 9 68 1 7  
7 9 8  + 3 8a 9 1 8  + 5 28 1 5  
To tal pa l m i ta te o xida t io n  \�a s de te rm i ned u s i ng w ho le t i s sue homoge na tes a nd i s  represe n ted by t he 
s umma t i o n  of r ad i oac t iv i ty a s  14 co z a nd 14 c- 1abe l ed a c id -�o luble produc t s  fo rmed i n  t he absence 
a nd 9rese nce of e x oge nou s L-ca rni t i ne ( 0. 5 mM ) u s i ng l 1- l C ] pa l m i  ta te as t he s ubs tra te . Va lues 
a ce t he ave rage + S EM for. 5 ra ts . Da ta s ha r i ng a comrno n s upe rsc r i p t  i n  a c o lumn a re not 
s ig n i f i c a n tl y  d iffe re n t  ( p> O . O S ) . 
0) m 
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tended t o  h ave a sl igh tly lower ac t iv i ty t ha n  p yr idox i ne­
de f ic i ent  rats in e ach ca se . Howeve r ,  no s ign i ficant  
s ta t i s t ical d i f fe re nces we re a rr ived a t .  Neve rthele s s ,  
pa ir-fed rats , that we re res tr ic t ed t o  l e s s  t han hal f  t he 
feed i n take of  con trol a nimals , h ad o nly 5 5% o f  t he capa c i ty 
to oxidize  palmi tate i n  s kele tal musc le , i n  compa r i son to 
t ha t  of con trol rat  t i ssue .  A somewha t s im i la r ,  bu t 
ins ign i fican t ,  decrease i n  t he rate o f  palm i ta te ox ida t ion 
v1a s seen  w i th respect  to heart t issue f r om t he feed­
res tr ic t ed ( pa ir-fed ) r a t ,  r el a t ive to t he con trol . 
S ince t he m i to chond r ia con te n t  a nd/o r a c t iv i ty i n  
t i ssue c a n  conce ivably i nflue nce fa tty a c id o x ida t io n ,  a 
ma rke r e nz yme wa s me asured . As ca n be seen i n  Table 1 0 , 
cyto chrome o xida se a c t iv i ty i n  freeze -t hawed , sonica ted 
homoge na tes from s kele tal muscle a nd heart o f  pa ir-fed rats 
wa s mo re t ha n  2- fold h igher t ha n  tha t  from c on trol rats . 
Thu s ,  t he da ta s ugge s t  t ha t  t he change i n  r a te o f  
mi to cho nd r ial pa lm i tate oxida t io n  i n  t he fe ed-res tr ic t ed 
rat  cannot be expla ined by a reduct io n  i n  t he numbe r a nd/or 
act iv i ty of  m i tocho nd r ia .  
E f fe c t  of  Pyr idoxi ne De f ic ��ncy on Hepa tic  Mic ro��al 
Phos pha t i�yle thanolam i ne Me thyl t rans f��se Act iv i ty a nd 
Phos pho l i pid Leve ls  
Whe n  hepa tic  mic rosomal PEMT wa s a ssayed in  v i tro ,  a n  
unexpected i ncrease i n  act iv i ty wa s o bse rved u s i ng e nz yme 
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TABLE 1 0  
Cytochrome Ox ida se Ac t iv i ty in  Skele tal Mu scle a nd 
He art  Tissue of  Con trol , Pa ir-Fed , a nd 
Pyr idox i ne-De f ic ient Ra ts 
Cytochrome Ox ida se 
An imal Group ( nmol/m in/mg prote in ) 
Ske le tal Muscle He art 
Control 3 9  + 7a 1 04 + 1 6a 
-
Pa ir-Fed 94  + 7b 2 8 0  + 1 3b 
- -
5 3  + 2ac 2 19 + 1 4c 
- -
Pyr idoxi ne-De f i c i e n t  
Enz yme a c t iv i ty wa s de te rm i ned i n  f reeze-thawed , son ic a ted 
whole t i ss ue homoge na tes . Values represent t he ave rage + 
SEM for 5 ra ts . Da ta not s har ing a common s upe rscr ipt -
le tter i n  a column a re s ign i fica ntly d i f fe re n t  ( p< O . O S ) . 
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prepa ra t ions from e i the r pa ir-fed o r  p yr idoxi ne-de f ic i en t  
rats ( Table 1 1 ) .  Somewhat contrad i c to ry a s  s hown i n  Table 
1 2 ,  t he leve l of PC i n  mic rosome s o bt a ined f o r  t he se two 
pa rt icula r grou ps wa s s ign i f ica ntly lowe r t ha n  t ha t  
de te rmi ned fo r t he con trol grou p o f  rode nts . Howeve r,  t he 
leve l of  PC wa s s ign i fica ntly lowe r i n  m i c rosome s  from 
pyr idoxi ne-de f ic ient rats than t ha t  from pa ir-fed r a ts . I n  
addi t io n ,  t he leve l of  PE i n  mic rosomes from pa ir- fed a nd 
p yr id oxi ne-de f ic ien t a nimals wa s s ign i f ica ntl y  h igher t han 
tha t f r om t he con trol a nimal s , f ur t he r  s ugge s t i ng decreased 
me thyla tion o f  s ubs tra te to produc t  i n  v i vo . 
E f fe c t  o f  Pyr idoxi ne De f ic i ency on Hepa tic Gua n idoace ta te 
Me thylt r ans fe ra se Ac t iv i ty a nd Crea t ine Me taboli sm 
As s hown i n  Table 1 3 ,  t he act iv i ty o f  GAMT i n  l ive r 
did  n ot d i f fe r  s ign i f ica ntly amo ng t he t hr ee grou ps of  
a n imals . K idney AGTA act iv i ty wa s s ign i f ic an tly lowe r i n  
the p yr idoxi ne-de f ic i ent rats i n  rela tion  to pa ir- fed  r a ts ,  
a s  wel l  a s  pa ir-fed rats rela tive to con trol  rats . 
Neve rtheless , a s  can  be seen i n  Table 1 4 , t he re we re 
s ign i ficant  i ncreases in t he concen tra t io n  of c rea t i ne 
i n  l i ve r  a nd s ke l e tal musc le of p yr idoxi ne-de f ic i ent r a ts , 
i n  compa rison to t he i r pa ir- fed c oun te rpa r t s .  Moreove r ,  
pa ir-fed rats  had a h ighe r  c re a t ine level i n  t he two 
t issue s  e xa m i ned t han con trol rats . Thus , e l eva t io n  o f  
t issue c rea t ine did  not confo rm to t he me asured a c t iv i ty of  
9 0  
TABLE 1 1  
Ra t Live r M i crosomal Phospha t idyle tha nolami ne 
Me thylt rans fe rase Ac t iv i ty i n  Con trol , Pa ir-Fed , 
a nd Pyr idox i ne-De f i c i ent Ra ts 
An imal Group 
Phospha t idyle tha nolam i ne 
Me thyl trans fe rase 
cpm x 1 0-3/ 1 5  m i n/mg Pro 
Con trol 0 . 4 0  + 0 . 0 4a 
-
Pa ir-Fed o . s s + 0 . 0 2b 
-
0 . 5 8 + O . O lb 
-
Pyr idox i ne-De f i c ient  
Values represent the ave rage + SEM for  5 rats . Da ta 
shar ing a common s upe rscript Te tter a re not s ign i ficantly 
di f fe re n t  ( p> O . O S ) . 
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TABLE 1 2  
Ra t Live r Mic rosomal Phospholi pid i n  Con trol , Pa ir-Fed , 
a nd Pyr idox i ne-De f ic ient Ra ts 
An imal Group 
Phos pha t idyl ­
e thanolami ne 
Phospha t idyl ­
cho l i ne 
� g phospho l i p id phospho ru s 
pe r m g  prote in 
Con trol 2 . 1 1  + 0 . l la 8 . 0 1  + 0 .  2 3a 
- -
Pa ir-Fed 3 . 2 8 + 0 . 0 7b 7 . 19 + 0 . 1 2b 
- -
Pyr idox i ne-De f ic i ent 2 . 90 + 0 . 2 2b 6 . 2 5 + 0 . 19 c 
- -
Va lues represent the ave rage + SEM for 5 rats . Da ta 
shar ing a common  s upe rs cript le tter in a column a re 
not s ign i f i ca n tly d i f fe rent ( p> 0 . 0 5 ) . 




TABLE 1 3  
Ef fec t  o f  Pyr idox i ne De f i c iency o n  t he 
Enz ymes o f  Crea tine Biosyn thes i s  
Group 
Kidney 
Arg i n ine-Glyc i ne 
Transamidi nase 
nmo l 
hyd roxyguanid i ne 
_1 formed _ hr mg  prote i n  1 
1 13 + 6a 
-
6 4  + 7b 
-
L ive r 
Gua n idoace ta te 
Me thyltrans fe rase 
nmo l 
c rea t ine 
_1 fo rmed _ hr m g  prote i n  1 
8 . 2 4 + 0 . 8 oa 
-
5 . 4 5 + 0 .  9 8a 
-
Pyr idox i ne-De f ic ie n t  39  + 2c 6 . 0 8 + 0 . 8 3 a 
- -
Values repre se n t  t he ave rage + SEM for 5 ra ts . Da ta 
shar ing a common s upe rs cript Te tte r  i n  a column a re 
not s ign i ficantly di f fe re n t  ( p> 0 . 0 5 ) . 
93  
TABLE 14  
Crea tine Concen tra t ions in Live r a nd Skele tal Mu scle 
of  Con trol , Pa ir-Fed , and Pyr idox i ne-De f ic ient  Ra ts 
Creat ine 
An ima l Group Live r Ske le tal Mu scle 
·;1Jg/g we t we igh t 
Con trol 3 6  + 2a 3 , 3 6 0 + B Oa - -
Pa ir-Fed 5 7 + 3b 3 , 8 1 0  + l l Ob 
- -
Pyr idox i ne-De f i c ient  6 7  + 3c 4 , 1 1 0 + 1 2 0c 
- -
Values represe nt the ave rage + SEM for 5 ra ts . Da ta not 
shar ing a common  s upe rscript le tte r  i n  a column a re 
s ign i f icantly d i f fe rent ( p< O . O S ) . 
t he e nz yme s i nvo lved i n  cre a t ine biosyn thes is . La s tly , 
crea t i n i ne e x cre t ion i n  ur i ne pe r un i t  o f  bodywe igh t  did  
not  d i f fe r  s ign i f ica ntly among t he t hree rat  groups 
( Table 1 5 ) . 
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TABLE 1 5  
Ur inary Excre t ion o f  Crea tin ine by Con trol , Pa i r-Fed , 
a nd Pyr idoxi ne-De f ic ient  Ra ts 
An ima l Grou p Crea t i n ine 
mg/24  hrs mg/ 1  00  g bw t 
Control 6 . 6 1 + 0 . 7 2a 
-
Pa i r-Fed 4 . 2 2 + 0 . 3 3b 
-
Pyr idox i ne-De f ic ient  3 . 1 7 + o .  3 5b 
-
Values  repre se n t  t he ave rage + SEM for 4 
s ha r ing a common s upe rscr ipt  le tte r  i n  a 
s ign i f ica ntl y  d i f fe rent  ( p< O . O S ) . 
2 . 6 4 + 0 .  2 0a 
-
2 . 9 5 + 0 . 1 2a 
-
2 . 4 8 + 0 . 09a 
-
r a ts . Da ta not 
column a re 
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CHAPTER V 
DISCUSSION 
In  v i ew of t he i r s im i la r i t i es i n  chem ical s truc ture , 
i t  i s  not s upr is ing tha t  SAH i s  a compe ti t ive i nh ib i to r  o f  
SAr-1 . K i ne t ic da ta obt a ined fo r a nu mbe r o f  t hese e nz yme s ,  
i nclud i ng TPMT ( 3 ) ,  TMT ( 7 , 8 ) , PLMT ( 8 4 ) ,  PEMT ( 6 3 ) , a nd 
GAMT ( 79 ) , r evea l  t ha t  SAH has a n  i nh ib i t ion cons tant  ( K . ) 1 
s ign i fica ntly l owe r t han the Michael i s  cons tant ( Km ) 
pos sessed by SAM , a l t hough this  s i tua tion does not a pply to 
al l me thyltrans fe rase s . In othe r  words , a much grea ter 
concen tration  of S AM would be requi red to o bt a in max i ma l  
react ion ra te i n  t he prese nce of  S AH .  The re fo re , i t  i s  
conce iva b le t ha t  modula tion o f  t he S AM : SAH r a t io may 
regula te t he se e nz yme s ,  a nd i n  turn t he biochem ical 
proces se s  fac i l i ta ted by t hem . 
Us i ng cel l-free e nz yme prepa ra t ions , t he S AM : SAH r a t io 
appe ars to be mo re impo rtant t han t he leve l  of  S AH � � 
i n  regula t i ng t he a c t ivi ty of  the me thyltrans fe ra se s . Th is  
vi ew is  s uppo rted by  the fact t ha t  TPMT , TMT , a nd PLMT we re 
each found to be s ubject  to control by t he S AM : SAH r a t io i n  
vi tro, wh ich i s  i n  accord w i th o t he r  rese arch fo cu s i ng o n  
PEMT ( 6 2 , 6 3 ) . Othe r  s tud i es have s hown t ha t  alteri ng t he 
SAM : SAH r a t io i n  t he i ntac t cel l ca n regula te transme thyl­
a t ion a s  wel l ( 9 1 , 9 2 , 9 3 , 9 4 , 9 6 , 9 7 ) . Thus , i t  is  conce ivable 
tha t  facto rs wh ich can change t he SAM : SAH r a t io i n  v ivo 
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may s im i la rly con trol t he act iv i ti es o f  the s ul f hyd ryl 
xe nobiot ic transme thyla ses a nd PLMT a s  me asured i n  v i tro . 
Upon  adm i n i s trat ion o f  D , L-homocys te i ne thiolacto ne ,  
this  compound presumably pe rme a tes t he ra t 
hepa tocyte membrane fo r t he mos t pa rt a s  L-homo cys te ine . 
In the pr esence of  e ndoge nous ade nos ine , the s yn the s is of  
SAH pr oceeds due to t he ca talyt ic a c t iv i ty of  S AH 
hydrola se , a cytoso lic  e nz yme ( 8 3 ) .  Thus ,  a n  e l eva t ion of  
SAH a nd se conda r i ly of  SAM , is  ach ieved i n  v ivo . The 
la tte r may be due to i nh ib i tion of transme thyla t ion  
reac t ions , t he re fo re de creasing t he con s umpt ion o f  S AM a nd 
a l low i ng i ts a c cumula tion . Fur t he rmo re , t he res ul t ant fal l 
i n  t he S AM : SAH r a t io mos t l i kely  accoun ts fo r t he 
i nh ib i tion o f  TPMT , a lso s itua ted i n  t he cytoso l ,  a f te r  
-
D , L-homo cys te ine thiolactone trea tme nt . On t he o t he r  hand ,  
s ince D , L-homo cys te i ne thio la cto ne woul d  prov ide a m i x ture 
of  t he " D" a nd " L "  i some rs of  homocys te i ne i n  aque ous  
so lu t ion fo r i nj ec t ion ,  o ne may a rgue t ha t  D-homocys te i ne 
cou l d  pr omo te a n  e l eva tion of SAH a nd/o r i nh ib i t TPMT 
act iv i ty .  Howeve r ,  t he fact t ha t  SAH i s  syn the s ized from 
L-homo cys te i ne a nd ade nos ine i n  t he presence o f  SAH 
hyd rola se makes  t he fo rme r pos s ib i l i ty somewhat  remote . I t  
i s  unkn own whe ther or n o t  D-homo cys te i ne i s  a d i rec t 
i n h ib i to r  of t he me thyltrans fe rase s . 
TMT l ocal i zed w i thin t he e ndopla sm i c  r e t iculum \'la s  not 
s ign i f ica ntl y  a f fected unde r t he se s ame expe rime ntal 
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cond i t io ns . Th is  obse rva tion may pe rh aps be e xpla ined by 
the rathe r i mpe rme ab le na ture of SAH to f ul ly i n tact 
membranes ( 9 0 ) , s uch as the e ndopl a smic reticulum , o nce 
this pur ine nuc leos ide has been rapid ly syn thes ized in t he 
cytos o l  a f te r  D , L-homo cys te ine t hio la cto ne trea tme n t .  I n  
othe r  words , the ge nera ted SAH may not h ave been ava ilab le 
to i nte ract  w i th the SAH-bi nd i ng s i te o n  TMT due to 
compa rtme n tal i za tion . Th is would e s pe c i al ly be true i f  TMT 
i s  de eply embedded w i thin the membrane b i la ye r .  In  
addi t ion ,  i t  is  known t ha t  t here may be compe t i t io n  for  SAH 
amo ng t he me thyl trans fe rase s ( 1 2 4 ) , wh ich could a lso l i m i t 
the ava ilabi l i ty o f  SAH for bi nd i ng o n  TMT . 
I t  has been demo ns tra ted t ha t  r a i s i ng t he hepa tic 
t issue leve l o f  SAH in v ivo can i nh ib i t t he act iv i ty of 
mic rosomal PEMT ( 1 2 5 ) , an e nz yme s haring t he s ame 
s ubcel lula r loca l i za tion a s  TMT , a nd c a n  also de crease 
phos pho li pid me thyla tion i n  v ivo ( 9 2 , 9 7 ) . The e ndopl a smic 
ret iculum con ta ins SAH-b i nd i ng s ites wh ich may be ide nt ical 
to t he S AH-b i nd i ng s i tes of t he SAM-depe nde nt 
me thyltrans fe ra ses ( 1 2 6 ) , s uch as PEMT . Work w i th 
mic rosomal ve s ic le s  ( 1 27 ) has i nd i c a ted t ha t  PEMT i s  
s i tua ted to t he external ( cytoso lic ) s ide o f  t he 
endopla smic  ret iculum membrane , i n  e s se nce mak i ng t his  
pa rt icula r e nz yme mo re access ib le to S AH i n  t he cytoso l .  
He nce , a l t hough the topog raphy of  TMT w i th i n  t he m i c rosome s 
has not been de l i nea ted , i t  i s  rea sonable to s pe cula te t ha t  
TMT may be pos i t ioned i n  the i nter io r  of  t he e nd opla smic  
re ticulum , i . e . , to  t he lumi nal s ide o f  t he m i c rosome , 
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esse nt ial ly sepa ra ted from t he S AH i n  t he cytoso l .  Thus ,  
eve n t hough S AH can  i nh ib i t TMT u sing m i c rosomal 
prepa ra t ions ,  i t  i s  pos s ib le t ha t  i so la tion of  t he 
microsomal frac t ion may have i nduced mo rpho log ical changes 
to t he e ndopla smic ret iculum ( 1 28 ) , result ing i n  t he 
fo rma tion  o f  " le ak y" or semi-se aled m i c rosome s .  Th i s  i n  
tur n  could a l low t he b i nd i ng o f  SAH to TMT a nd t he re fo re 
i nh ib i t t he e nz yme i n  vi tro . 
On t he o t he r  hand , i t  i s  pos s ib le t ha t  t he e l eva t ion of 
t he hepa tic S AH c once ntration  in v ivo a f te r  D, L­
homo cys te ine t h i o lactone trea tme nt wa s d i l u ted ou t in v i tro 
dur i ng cel l fract iona t ion a nd e nz yme prepa ra t io n .  Such 
proces s i ng o f  t he t issue could conce ivably ma sk  a ny 
i nh ib i to ry e f fe c t  o f  S AH o n  transme thyla tion react ions a s  
me asured i n  v i tro w i th 1 4cH3-SAM . 
I t  h as been i mpl i ed from o t he r  research ( 7 )  t ha t  t he 
two s ul f hydryl xe nobiot ic transme thyla se act iv i t ies 
exa m i ned i n  t he present work represe nt t he s ame e nz ymic 
e n t i ty a ssoc i a ted \'l i th t he m ic rosomal frac t ion . Howeve r ,  
the da ta seem to s uppo rt t he a rgume n t  t ha t  TMT a nd TPMT 
have d i f fe re n t  s ubcel lula r l ocal i za t io ns ( 3 ) ,  s ince t he SAH 
ge nera ted a f te r  D , L-homo cys te i ne t hio lacto ne trea tme nt 
i nh ib i ted o nly  t he cytoso lic , bu t n ot t he m i c rosomal 
e nz yme . 
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On t he o t he r  hand , s ince TMT was not i nflue nced by 
D ,  L-homo cys te i ne t hiolactone trea tme nt ,  o ne m igh t have 
expected PLMT i n  t he nuc leu s to be also  unaf fe cted by t he 
ge nerat ion of  pha rmacolog ical leve ls of  SAH i n  l i ve r .  Th is  
expe c t a t ion would  be  due to  t he prese nce o f  t he nuc le a r  
membrane . Howeve r ,  t he membra ne o f  t he nuc leu s  i s  somewhat 
d i s tinct  from t ha t  of  t he e ndopla smic r e t iculum . It  i s  
actual ly a double membrane . The i nd i v idua l  membranes a re 
appa ren tl y  fused a t  va r iou s po i nts a round t he c i rcumfe rence 
of t he nuc leu s ,  t hus c rea ting membrane pores . These 
ope nings evide n tl y  al low t he exi t of RNA mo lecu le s ,  made i n  
t he nuc leu s ,  i n to t he cytoso l .  He nce , i t  may wel l be t ha t  
the S AH ge ne rated a fte r D , L-homo cys te i ne t hiola c tone 
trea tme nt wa s able to e nter the nuc leu s v i a  t hese s ame 
membrane po res to b i nd to PLMT . Th is  would  e xpla in t he 
inhib i tion  o f  PLMT a c t ivi ty by D , L-homo cys te i ne t hiola c to ne 
admi n i s tr a t io n  to r a ts . 
Prev iou s research has s hown t ha t  a p yr idox i ne 
de f ic i ency i nduced by a v i tami n-de f ic i ent d i e t  can 
i n te rfe re w i th t he me taboli sm o f  me thion i ne ( 1 0 3 ) . An 
accu mu la tion  of SAH a nd a n  ove ral l  de crease i n  t he SAM :  SAH 
ratio  i n  l i ve r  we re found to be t he mos t  not iceable 
e f fects . Presumably , degrada tion of S AH i s  somewha t  
thwa rted dur i ng p yr idox i ne de f ic i ency due t o  a reduc t ion i n  
the act iv i ty o f  cys ta thionine syn tha se a nd/or 
cys ta th iona se , both pyr idoxal phos pha te-requi r ing e nz yme s 
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in  t he transsul f ura t ion pa thway . As s uch , some 
transme thyl a t ion  react ions woul d  be expe c ted to be i mpeded 
dur i ng p yr idox i ne de f i c i ency . 
The i nterfe rence o f  me th ionine me tabol i sm by 
pyr id oxi ne de f ic iency has been con f i rmed i n  t he prese nt 
s tudy . A 5-fo ld i ncrease i n  t he hepa tic t issue level of 
SAH, w i thou t a concurrent change in S AM ,  wa s o bta ined i n  
p yr id oxi ne-de f ic i en t ra ts . Alt hough ma rked reduct ion  o f  
the hepa tic S AM : SAH r a t io wa s obse rved i n  we anl i ng rats fed 
the p yr idoxi ne-de f ic i ent d i e t  fo r a pe riod o f  6 -7 we eks i n  
t he pr ese nt s tudy , a s im i la r  e f fect has been a ch ieved only 
a f ter  3 1/2  we eks on  t he d i e t  ( 1 0 3 ) . Thu s ,  a ny regula t i ng 
role ( s )  of  p yr idox i ne de f ic i ency o n  transme thyla tion may 
pos s ib ly be expressed dur ing t he earl i er s tage s of v i tam i n  
deple tio n .  A s  po i n ted o u t  prev iou sly ( p . 9 9 ) ,  howeve r ,  
eleva tion o f  SAH i n  vivo may not be e xpressed i n  v i tro w i th 
respect  to modi fyi ng t he act iv i ty o f  t he me thyltrans fe rases . 
Pyr idoxi ne de f ic i ency d i d  not seem to r egula te t he 
s ul f hydryl xe nobi o t ic transme thyla ses .  I t  i s  d i f f icul t to 
address t he f ul l  s ign i f icance of  t his  f i nd i ng ,  s ince t he 
e ndoge nou s role s of  TMT a nd TPMT a re prese ntl y  unknown . 
Howeve r,  one may conclude t hat s ul f hydryl xe nobiot ic 
me tabol i sm v i a  transme thyla tion may not be a f fected by 
e i the r p yr idoxi ne de f ic i ency or feed res tr ic t ion . 
On t he o t he r  hand , i t  appe ars t ha t  hepa t ic PLMT i s  
s ubject  to con trol unde r t he s ame v i tami n-de f ic ient s ta te .  
1 02 
Reduc t ion of  the SAM : SAH ra tio dur i ng p yr idoxi ne de f ic iency 
cau se s  a de crease i n  the a c t ivi ty of t he e nz yme . Th is  
f indi ng s ugge s ts tha t  modi fica tion o f  prote i n  s tructure by 
me thyla tion of s pe c i fic am i no a c id res idue s ,  i n  t he 
presence of  PLMT , may be curta iled dur i ng p yr idox i ne 
de f ic i ency . For e xa mple , me thyla tion of  t he £ -a m i no group  
of  lys i ne res idues prese nt i n  h is tone by  PLMT may  be 
impo rtan t i n  s upply i ng eve ntual ly t he i ni tial  s ubs tra te for  
the bios yn the s is o f  carn i t i ne ( 4 4 , 4 6 ) . He nce , v i tami n  
de f ic i ency may i nflue nce the fo rma tion o f  ca rn i t ine . 
The e f fe c t  o f  v i tam i n  de f ic i ency on  t i ss ue ca rn i t i ne 
leve ls has been i nve s tiga ted prev i ou sly , bu t w i th a scorbic 
ac id be ing eval ua ted on t he prem i se t ha t  i t  is  needed for  
t he hydroxyla t i ng e nz yme s in  t he fo rma tion o f  c a rn i t i ne .  
Scorbu t ic gui nea-p igs have been repo rted to h ave a 
reduc t ion i n  carn i t ine leve ls i n  mu sc le ( 1 29 ) a nd l ive r 
( 1 3 0 ) . Moreove r,  unde rfe edi ng t hese a nimals  w i th a n  
asc orbic a c id -de f ic ien t d i e t ,  wh ile g i v i ng t hem adeq ua te 
a scorbic a c id s ub cu taneou sly , wa s s hown to decrease t he 
musc le ( 1 3 1 )  a nd hepa tic ( 1 3 0 , 1 3 1 ) ca rn i t i ne 
concentrations . Howeve r,  l a rge r doses  o f  a scorbic a c id 
admi n i s te red to t he se s ame unde rfed a nimals  preve nted 
depress ion of t issue ca rn i t i ne ( 1 3 0 ) . Thus , fe ed 
res tr ic t ion pe r se does not appe ar to i nflue nce the t issue 
ca rn i t i ne leve l s , wh ich has been corrobora ted by t he 
cur re n t  s tudy . 
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The notab le de crease i n  the concentra t ion of  
ca rn i t i ne , i . e . , ASCN E ,  in  s kele tal mu scle a nd heart 
t issue s  of  t he pyr idoxi ne-de f ic i en t  ra t may pe rhaps be 
e xpla ined by impa irme nt i n  the bios yn t he s is of i ts 
precurso rs . The re a re two react ions i n  t he b i os yn the t ic 
pa thway fo r carn i t ine t ha t  can be implica ted . The mos t 
obviou s i s  t he reac t ion ca talyzed by 3-hydroxy - 6 -N­
tr ime thyl lys ine a l dola se , wh ich c le ave s i ts s ubs trate to 
bu tyrobe ta ine a l de hyde a nd g lyc i ne ( 4 6 ) . Ev ide nce 
i ndi c a te s  t ha t  t h i s  e nz yme requi res p yr idoxal phosphate 
( 13 2 , 1 3 3 ) , a nd hence cou l d  conce ivably be r egula ted i n  a 
nega t ive ma nne r  dur ing pyr idoxi ne de f ic i ency . The o t he r  
react ion i s  ca talyzed by PLMT , whose a c t iv i ty i n  r a t  l i ve r  
de creases dur i ng p yr idoxi ne de f i c i ency . The a c t iv i ty o f  
PLMT i n  l i ve r  i s  abou t  2 1  a nd 2 1/2  t ime s h ighe r t ha n  t hat  
of s ke l e tal musc le a nd heart , r es pe ct ive ly , in  t he normal  
rat ( 4 4 ) . Eve n t hough t he react ion ca talyzed by  PLMT 
occurs be fo re t he react ion ca talyzed by t he a l dola se i n  t he 
pa thwa y ,  i t  i s  not known whe the r t he fo rme r react ion may 
a ss ume mo re impo rtance i n  i nflue nc i ng t is sue ca rn i t ine 
leve l s  dur ing p yr idoxi ne de f ic i ency . 
Eve n t hough a s ign i f icant reduc t ion i n  t he l eve l o f  
ca rn i t ine i n  bot h  s kele tal musc le a nd heart was  found i n  
p yr id oxi ne-de f ic i e n t  ra ts , t he rate of  to tal pal m i ta te 
oxida tion  i n  these t issue s  wa s not a ny l owe r t ha n  t ha t  of 
pa ir-fed rats , whose t issue carn i t ine leve l s  we re s im ila r 
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to tha t  o f  con trol rats . As a ma tte r of  fa c t ,  t he react io n 
ra te tended to be s l i g h tly lowe r i n  the two musc le t is sues 
of the pa ir-fed rats than tha t  of  the ir p yr idox i ne -
de f ic i ent c ou n te rpa rts ,  alt hough s ta t i s t ical d i f fe rences 
we re not obt a i ned . In a ny eve nt ,  i t  seems t ha t  ca rn i t i ne 
i s  not l im i t i ng i n  fac i l i ta ting fa tty a c id o x i da tion dur ing 
pyr id oxi ne de f ic i ency . 
Prev i ou sly ,  i t  wa s repo rted t ha t  fe ed res tr ic t ion 
tended to i ncrease palmi ta te oxida tion i n  heart ( 1 3 4 ) . 
Ra ts we re unde rfed fo r a 1 0-week pe riod , a nd t he react ion  
14  1 4  rate wa s ba sed o n  t he produc t ion o f  co2 f rom [ 1- C ) -
pal m i ta te . I n  t he present s tudy , rats we re res tr ic ted i n  
food i ntake fo r 6 -7 we eks , a nd to tal pal m i ta te o x ida tion 
wa s ba sed o n  t he product ion o f  1 4co2 a nd also 
1 4c-labeled 
ac id -so luble products  from [ 1- 1 4c ] palmi ta te . Th is  pa rt icula r 
a ssay procedure i s  be l i eved to be a mo re se ns i t ive a nd 
accura te me thod fo r a sse ssing pa lmi ta te o x i da t ion t han  from 
1 4co2 pr oduct ion a l one ( 1 3 5 , 1 3 6 ) . In v i ew o f  t hese 
cond i tio ns , a tende ncy fo r fe ed res tr ic t ion to r educe t he 
rate o f  pal m i ta te oxida tion i n  heart wa s obse rved , a l t hough 
this  pr ope ns i ty wa s not of  s ign i f icance . On t he o t he r  hand , 
fe ed r e s tr ic t io n  cau sed a ma rked decrease i n  t he rate of  
palmi ta te oxida tion in  s kele tal musc le . S imple s ta rva t ion 
fo r 6 6  hours has also be en found to de crease palmi ta te 
oxida tion i n  s ke l e tal musc le , u s ing who le t issue homoge na tes 
a nd t he a ssay procedure u sed i n  t he present s tudy ( 1 3 6 ) . 
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S i nc e  s ke l e tal musc le a nd heart c a rn i t i ne leve l s  we re 
s im i la r i n  b o t h  pa i r - fed a nd c on trol r a ts , o t he r facto rs , 
be s ide s c a rn i t i ne ,  may be res po ns ib le f o r  l i m i t i ng t he rate 
o f  fa tty a c id o x ida t i o n  i n  t he t i ssues o f  t he fe ed­
res tr ic t ed a nimal . Dur i ng food de pr iva t i o n ,  ho rmo nal 
s t imula tion of fa t ty a c id rele ase from ad i po s e  t i s s ue 
de po t s  wou l d  be e xpe c ted , i n  res po nse to me e t i ng t he 
phys io log i cal e ne rg y  dema nds when t he cal or ic/e ne rgy 
bala nc e  i s  n o t  ma i n t a i ned by t he d i e t .  Th i s  s i tua t i o n 
woul d  be pa r t icula rly a p pl i cab le to t he pa i r - fed r a t s , a s  
t hey a p pe ared mo re p hys ical ly a c t ive t ha n  e i t he r t he 
pyr id ox i ne-de f ic i en t  o r  con trol r a ts . The re fo re , ba sed o n  
cyto chr ome o x ida se a c t iv i ty ,  i t  i s  pos s ib le t ha t  t he 
mi tocho nd r ia con te n t  a nd/o r act iv i ty o f  s ke l e tal mu s c le 
a nd heart i nc re a sed i n  pa ir- fed r a ts . Such a c h ange c ou l d  
accom moda te e nd oge nou sly-mo bi l i zed fa tty ac ids de s t i ned fo r 
a�xida t i o n  a nd l i be ra t io n  o f  n eeded e ne rgy . 
On t he o t he r h and , i ncreased m i tocho nd r ial c on te n t  
a nd/o r act iv i ty wou l d  n o t  n ecessa r i ly i nd i c a te t ha t  the 
ra te o f  fa t ty a c id o x ida tion would confo rm . S i nce fa tty 
ac id o xida t i o n  c a n  be cons ide red a mu lt iple -s te p  proce s s ,  
i t  fo l lows t ha t  regu l a t i o n  ca n occur a t  seve ral s i tes not 
e x clu s ive l y  r e s tr ic t ed to i ns ide t he m i to cho nd r ia .  Fo r 
e xa mple , t he re i s  some i nd i re c t  evide nce ( 1 3 7 )  t ha t  fe ed 
res tr ic t ion may d e c rease t he rate o f  pal m i ta te o x ida tio n i n  
heart by i nh ib i t i ng a nd/o r repres s i ng pal m i to yl CoA 
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syn the tase ( EC 6 . 2 . 1 . 3 ) , a n  extrami to cho nd r ial e nz yme 
req ui red fo r fa tty a c id act iva tion , bu t una f fe ct ing 
carn i t i ne pal m i toyl t rans fe rase ( CPT , EC 2 . 3 . 1 . 2 1 ) . The 
abi l i ty of exoge nou s carn i t ine i n  the prese nt s tudy to 
s im i la rly s timula te pa lmi ta te o x ida t ion i n  both s ke l e tal 
musc le a nd heart t issue homoge na te s o f  bot h con trol a nd 
pa ir-fed rats  tends to conf i rm t ha t  CPT i s  not i nflue nced 
by fe ed res tr ic t io n .  
A s  prev i ou sly me nt ioned , reduc t ion o f  t he hepa tic 
SAM : SAH r a t io i n  vivo can result in dec reases i n  t he 
act iv i ty of  PEMT ( 1 2 5 )  a nd i n  t he me thyla tion o f  
phos pho l i p id ( 9 2 , 9 7 ) . The ma rked reduc t ion o f  t he hepa t ic 
SAM : SAH r a t i o  i n  p yr idoxi ne-de f ic ient rats  was not 
ac compa nied by a ny i nhibi tion of  PEMT i n  l i ve r  mic rosome s .  
Ins tead , a n  i nc rease i n  act iv i ty wa s o bse rved for  t he 
e nz yme , r ela tive to con trol ,  wh ich wa s also t he ca se u s i ng 
l ive r mic rosome s from pa ir-fed a nima l  c oun te rpa rts .  The 
t issue leve l of SAH, a s  wel l as S AM ,  i n  l i ve r wa s not 
altered in pa ir-fed rats in rela tion to values o bt a i ned for 
con trol a nimals . On t he o t her hand , de creased me thyla tion · 
of p hos pho l i p id wa s i nd i c a ted by a n  a c cumula tion o f  PE a·nd 
a reduct ion o f  PC i n  l i ve r  mic rosome s from both p yr idoxi ne­
de f ic i en t  a nd pa ir-fed a nimals . A s im i la r d i spa r i ty 
be twe en PEMT a c t ivi ty i n  vi tro a nd phos pho l i pid  levels  i n  
r a t  l i ve r  mic rosome s dur ing depr es s ion o f  t he S AM : SAH r a t io 
a f ter  fe ed i ng rats  a me thyl -de f i c i en t  d i e t  has been 
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reported by Hof fma n a nd cowo rke rs ( 1 3 8 ) . I t  wa s s ugges ted 
t ha t  e nd oge nou s  accumula tion of  PE may s timula te PEMT 
act iv i ty i n  vi tro . S i nce hepa tic m i c rosomal p hos pho li pid 
wa s not me asured i n  t he s tudy repo rt ing a reduct ion of PEMT 
act iv i ty i n  t he presence o f  a l owe red S AM : SAH rat io ( 1 2 5 ) , 
this  cond i t ion may have prese nted i tsel f w i thout a n  
eleva t ion of  PE . 
The pos s ib i l i ty e x i sts ,  also , t ha t  PEMT i s  be ing 
i nduced dur i ng t he s tres sful d i e tary c ond i t io ns , but f ul l  
e nz yme a c t iv i ty i s  not expressed i n  e i ther case i n  v ivo , 
due to e l eva ted levels of  S AH act ing a s  a s uc cessful 
compe ti t ive i nh ib i to r  w i th SAM . He nce , when t he e nz yme i s  
me asured i n  v i tro w i th much h ighe r concentr a t ions o f  
exoge nou s SAM t h�n  prese nt e ndoge nou sly ,  SAH may be 
d i splaced from t he b i nd i ng s i te by S AM to a l low express ion 
of mo re e nz yme a c t iv i ty .  In  a ny eve nt ,  when Ho f fma n e t  al . 
( 1 3 8 ) a ssessed me thyla tion of PE i n � by i ncorpo rat ion 
of  [ 1 , 2- 1 4c ] e tha nolami ne i nto PC,  me thyl -de f ic i ent rat  
l i ve r  mic rosome s di splayed a reduct ion  in  t he level of  
rad i o labeled PC . Thus ,  i t  seems t ha t  d i s turbed me thionine 
me tabol i sm dur i ng p yr idox i ne de f ic i ency may alter  
phos pho li p id me tabol i sm in  the e ndopl a sm i c  r e t iculum o f  
r a t  l i ve r  i n  a ma nner s im i la r  to t ha t  o bt a ined w i th a 
me thylde f ic ien t d i et . 
Wh ile p yr id oxi ne de f ic iency ca n nega t ivel y  i n flue nce 
phos pho li pid me thyla tion,  i t  ap� ars tha t  chron ic fe ed 
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res tc ict ion i s  also capab le of exe rt ing t he s ame e f fe ct to 
a s ign i f icant  e x ten t .  Howeve r,  this  f ind i ng i s  not read i ly 
expla inab le . The e f fect  seems to occur i n  t he absence o f  
d i s turbed me thionine me tabol i sm ,  s ince S AM a nd S AH 
concentrations a re not altered i n  pa ir-fed r a t  l ive rs when 
compa red to t hose val ues  seen in  con trol r a t  l ive rs . Wh ile 
t h i s  would s ug ge s t  tha t  t he level of  prote i n  in t he l im i ted 
fe ed i ntake of t he pa ir-fed grou p, a s  wel l a s  t he 
p yr idoxi ne-de f ic ient grou p, i s  able to ma i n ta i n  n ormal S �M 
leve l s , o ne woul d  also e xpe ct t issue prote i n  ca tabol i sm to 
occur dur ing t he calor ic/e ne rgy depr iva tion ,  wh ich could 
also con tr ibu te to t he to tal ava ilabi l i ty o f  a c t ive 
me thioni ne . S i nce t here may be c ompe t i t ion  o f  S AH among 
t he me thylt rans fe ra ses ( 1 24 ) , i t  i s  rea sonab le to s uspect  
t ha t  t he s ame s i tua tion ex i s ts w i th respect  to  S AM . He nce , 
dur i ng d i etary s tres s ,  certain  transme thyla tion  reac t ions 
may pos s ib ly t ake precede nce ove r othe rs i n  a n  a ttemp t to 
ma i n ta i n  normal phys io log ical f unct ion . 
As po i nted ou t be fo re ,  GAMT i s  o ne e nz yme w i th a heavy 
dema nd o n  t he s upply o f  SAM { 7 9 , 8 0 ) . As a resul t , i t  may 
be t ha t  me thyla t io n  of PE to PC i s  somewha t cons tra i ned , 
s ince this  pr oce ss req u i res the equiva le n t  o f  t hr ee mo le s 
of  S AM .  In  o t he r  wo rds , i t  i s  s ug ge s ted t ha t  SAM mu s t  be 
u sed conse rva t ively dur ing d i etary s tress to s uppo rt o t her  
b i o log i c al transme thyla tion processe s ,  s uch as  c re a t i ne 
fo rma tion .  As a ma tte r of fact , t he re was  a s ign i f icant  
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i ncrease i n  l ive r creat i ne i n  pa ir- fed , a nd also 
p yr id oxi ne-de f i c ien t ra ts , when compa red to con trol 
a n imals . Ye t ,  i t  is ra the r i n te res ting t ha t  t he 
alte rna t ive pa thway fo r t he syn thes is of  PC i nvo lvi ng 
cho li ne phos pho trans fe ra se ( EC 2 . 7 . 8 . 2 ) was a ppa re n tly 
unab le to compe nsa te fo r the red uc t ion of PC i n  l i ve r  
mic rosome s from t he pa ir-fed , a s  wel l a s  t he p yr idox i ne­
de f ic i en t  a nimals . Although the a c t ivi ty of rat  l i ve r  
cho li ne phos pho trans fe rase wa s not me asured i n  t he prese nt  
s tudy , appa ren tl y  t he a c t iv i ty o f  t he e nz yme de creases 
dur ing me thyl group  de f ic i ency ( 61 , 1 3 8 ) . Howeve r ,  i t  has 
also been repo rted t ha t  the fo rma t ion  o f  PC v i a  t h i s  
alt erna t ive pa thway i s  i nh ib i ted ( 9 8 ) , bu t a f te r  drug 
trea tme n t .  Neve rtheless , i t  wou l d  a p pe ar t ha t  p yr idox i ne 
de f ic i ency de crease s  phospho lipid me thyla tion i n  t he 
e ndopla smic  r e t iculum above a nd beyo nd t ha t  produced by 
fe ed r e s tr ic t ion alone . 
S ign i f icant  e leva tion of  c re a t i ne concen tra t io ns i n  
l i ve r  a nd s ke l e tal mu sc le of  pyr idox i ne-de f ic i en t  rats  i n  
rela tion to pa ir-fed  rats,  a s  wel l a s  pa ir-fed rats  
rela t ive to  con trol ra ts , a re not  immed i a tely expla inab le 
i n  r e tros pe c t  to t he i r k idney AGTA a c t ivi ties . Howeve r ,  
prev iou s d i e ta ry s tud i es have i ndica ted t ha t  c re a t i ne 
fo rma tion i s  not h inde red und e r  cert a i n  ty pe s  o f  
nu tr i t io nal s tress . Eve n though the re wa s a n  8 5% decrease 
i n  the act iv i ty of  k idney AGTA i n  we anl i ng rats fed a 
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prote in-free di e t  fo r 1 6  days , t he amoun t  o f  to tal body 
crea t i ne or phos phocrea tine i n  t hese a nima l s  did  n ot d i f fe r  
from t ha t  of  rats fed a n  adeq ua te d i e t ,  s ug ges ting t hat 
s u f f ic i en t  gua n idoace ta te can be s yn the s ized i n  t he 
presence of  s ubs tantial ly reduced k i dn ey AGTA act iv i ty to 
ma in ta i n  normal c reat i ne ( phos pho crea t i ne ) leve l s  ( 1 39 ) .  
Accord i ng ly ,  t h i s  woul d  imply t ha t  s u f fic i en t  a rg i nine ,  
g lyc i ne ,  a nd a c t ive me thionine , a l ong w i th a n  a pprop r i a te 
amount  of  AGTA act iv i ty ,  would have to be prese n t  to a l low 
fo r t he comple te pa thway of c re a t i ne bios yn the s is to 
proceed unde r t he adve rs i ty of d i e tary prote i n  abs t i nence . 
Pres uma b ly , t issue protein  ca taboli sm woul d  f ac i l i tate t his 
process by l i be ra tion of  free ami no a c ids , wh ich cou l d  a l so 
be empl oyed fo r e nz yme s yn thes is . On t he o t he r  hand , i t  
may be t ha t  k id n ey AGTA i s  rela tively  i ns ign i f ic a nt u nde r 
t hese c ond i t io ns . Other  ra t t issue s ,  bes ide s k id ney a nd 
pa ncreas ,  also pos sess s ign i f icant AGTA act iv i ty whe n  t he ir 
s umma tion i s  take n i n to accoun t wh ich i s  not s ubject  to 
regula tion by a pr ote i n-free d i e t  ( 1 4 0 ) . He nce , i t  wou l d  
appe ar t hat AGTA act iv i ty i s  u sua l ly i n  excess o f  t ha t  
amoun t n eeded fo r t he fo rma tion of  gua n idoac e ta te fo r 
crea t i ne bios yn the s is .  L ikew i se ,  l i ve r  GAMT act ivi ty does 
not appear to be ra te- l i m i ting e i the r i n  t he fo rma tion o f  
crea t i ne . Th is  i s  f urther  s uppo rted b y  t he prac t ic e  o f  
u s i ng gua n id oaceta te a s  a me thyl group-deple ting age nt 
{ 6 1 , 1 3 8 ) . Moreove r ,  as in t he ca se of  AGTA , i t  i s  pos s ib le 
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t ha t  GAMT act iv i ty ,  unde tectable by curre n t  me thodolog y , 
may e x i s t  i n  non-hepa tic t issue wh ich may be 
phys io log i c al ly s ign i f icant when cons ide red cumu la t ive l y . 
I n  v i ew of  t he above obse rva tions , i t  become s 
conce ivab le t ha t  i ncreased c reat i ne bios yn t hes is  i n  l ive r 
of  pa ir-fed a nd p yr idoxi ne-de f ic i en t rats  my occur , i n  
spi te of ma rked r educ t ion o f  AGTA a c t ivi ty i n  k idney a nd a 
sl igh t bu t i ns ign i f icant  de crease o f  GAMT ac t ivi ty i n  
l i ve r .  I f  i n  fact  t he e l eva tion o f  c rea t i ne i n  l i ve r  
repr esents i ncreased syn the s i s ,  t he flow o f  mo re c re a t i ne 
ou t of  t he l i ve r  i nto t he blood s tream , eve ntual ly fo r 
i ncreased u ptake by s ke l e tal muscle , cou l d  e xpla in t he 
reduced AGTA a c t iv i ty i n  k idney . I t  has been s ug ge s ted 
t ha t  c rea t i ne serve s to repress k idney AGTA s yn the s i s ,  
s ince c re a t i ne d oes not i nh ib i t  t he e nz yme i n  v i tro 
( 1 4 1 , 1 4 2 ) . A l t hough p yr idoxi ne-de f ic i en t  rats  d i splayed 
k idney AGTA a c t iv i ty l owe r t han pa ir-fed r a t s ,  p yr idoxi ne 
does not appe ar to be a cofacto r fo r t he e nz yme . Addi t ion 
of p yr id oxal phos pha te i n  vi tro to k idney e nz yme 
prepa ra tions from p yr idoxi ne-de f ic ien t rats  f a iled to 
· i ncrease a c t iv i ty .  The re fo re , t he i nd i rect e f fe c t  o f  
pyr idoxi ne de f ic i ency o n  k idney AGTA i s  s im i l a r  to 
t ha t  obs e rved i n  v i tam i n  E de f ic i ency ( 1 4 3 ) ,  whe re 
c re a t i nu r ia wa s pr ese n t .  I t  has been pr oposed t ha t  t he 
phys iolog i cal s ign i ficance of c rea t i ne repress ion o f  AGTA 
i s  to conse rve a rg i nine , g lyc i ne ,  a nd me thio n i ne fo r 
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prote i n  s yn thes is ( 1 4 2 ) . Eve n though case in compr i sed 2 9 %  
o f  t he d i e ta ry reg ime s ,  ami no a c id conse rva tion  may be 
i mpo rtant  i n  t he p yr idoxi ne-de f ic i en t  a nd pa ir-fed rats  
s ince t he se a nimals cons umed only abou t hal f of  t ha t  by 
con trol rats . 
I t  i s  not kn own why rats s ubjected to a n  appa ren t  fe ed 
res tr ict ion o r  p yr idoxi ne de f ic i ency would  s how i ncreases 
of  c rea t i ne in l i ve r  a nd s kele tal muscle from e ithe r a 
biochem ical o r  phys io logi c al s ta ndpo i n t .  Lowe r i ng t he 
hepa tic  S AM : SAB rat io i n  rats , by fe ed i ng t he p yr idoxi ne­
de f i c i en t  d i e t ,  d id  not promote a s ign i f icant  reduc t ion i n  
GAMT act ivi ty o r  c rea t i ne levels . Th is  i s  i n  somewha t o f  a 
con tra s t  to a prev ious s tudy ( 9 7 ) , where t he SAM : SAB r a t io 
wa s acu t ely l owe red by p ha rma colog ical  me ans a nd a 
reduc t io n  i n  l i ve r  c re a t i ne o bse rved . In  a ny eve n t ,  i t  i s  
f ur the r  s ugge s ted t ha t  p yr idoxi ne-de f ic i en t  a nd pa ir-fed 
rats may conse rve c reat i ne dur i ng nu t r i t ional s tr es s ,  s ince 
cre a ti ne fo rma t ion req u i res a s ubs tantial  i nput  o f  am i no 
ac ids . Th i s  i s  s upported by t he ir i ncreased levels o f  
creat i ne i n  l ive r a nd s ke l e tal musc le a nd a ls o  s im i la r  
e x cre t io n  o f  c re a t i ni ne i n  ur i ne w i th t he con trol rats . 
Pyr id oxi ne de f ic iency may pos s ib ly reduce c reatine 
tur nove r f ur t he r ,  due to t he v i tami n ' s role i n  a m i no 
ac id me tabol i sm .  
In  c onclu s io n ,  t he resul t s  ge ne ra ted by t he prese nt 
research ge neral ly s uppo rt t he concept t ha t  t he SAM : SAH 
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ra tio i s  a n  impo rtant regula to r  of  t he me thyl trans fe ra ses . 
Fa cto rs wh ich can  lowe r t he ra tio i n  vivo may have a 
s ign i ficant  impa c t  on certa in  biolog ical processe s  rela ted 
to transme thyla tion . Th is pos s ib i l i ty may h ave pract ical 
s ign i fica nce . For i ns ta nce , transme thyla tion i s  
und oubt ed ly a n  e sse n tial biochemical proces s .  As s uch , 
certain  me thyl t ra ns fe rases have been cons ide red a s  s ui tab le 
targe ts fo r chemo t he rapy ( 1 44 ) .  Accordi ng ly ,  S AH a nd 
rela ted compounds ,  a s  rev i ewed here a nd elsewhe re ( 1 4 5 ) , 
may of fe r  po ten tial  fo r t he trea tme n t  o f  d i se ase . 
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CHAPTER I V  
SUMMARY 
The e f fect  o f  modula ting t he absolute mo la r ratio of  
S-ade nos ylme th ionine to  S-ade nos ylhomo cys te i ne ( SAM : SAH 
ratio ) ,  both i n  v i tro a nd i n  v ivo , upon va r ious 
transme thyla tion react ions wa s s tud i ed . Us i ng c el l-free 
e nz yme prepa ra t ions from rat l i ve r, reduct ion o f  t he 
SAM : SAH r a t io ove r a broad range cau sed a c orrespond i ng 
decrease i n  the s pe c i fic  act iv i ties o f  t hiopur i ne 
me thyltrans fe rase ( TPMT ) , t hio l me thyltrans fe ra se ( TMT ) , 
a nd pr ote i n ( lys ine ) me thyltrans fe ra se { PLMT ) . S imila r 
regula tion of  TPMT a nd PLMT wa s found when t he hepa tic  
SAM : SAH r a t io wa s lowe red in  v ivo by adm i n i s tr a t io n  o f  D , L­
homo cys te i ne t hiola c to ne to a nimals . TMT wa s not a f fected 
a f te r  d ru g  t rea tme n t ,  s ug ge s ting a c ompa rtme n ta l i za t ion o f  
SAH i n  t he i ntact hepa to cyte . 
Feed i ng rats  a pyr idox i ne-de f i c i en t  d i e t  fo r 6 - 7 we eks 
also cau sed a reduc t ion i n  the SAM : SAH ratio  i n  l i ve r .  
Unexpe cted ly , t he s pe c i fic act iv i ties  o f  TPMT a nd TMT we re 
not i nfluenced unde r t hese condi t ions . On t he o t he r  hand ,  
a s ign i f icant  de crease i n  t he s pe c i fic act iv i ty o f  PLMT \'la s  
obse rved dur i ng p yr idoxi ne de f ic i ency , a l ong w i th t issue 
level s  of  to tal ac id-so luble ca rn i t i ne i n  s kele tal  mu scle 
a nd heart . Howeve r,  the capa c i ty of t hese two t issues from 
t he p yr id ox i ne-de f ic i en t rat to ca rry out fa tty a c id 
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oxida tion  i n  vi tro wa s not a f fected . Ye t ,  fe ed res tr ic t ion 
tended to de crease t he rate of  fa tty a c id oxida t io n  i n  
s kele tal mu sc le , i n  t he presence o f  normal 
carn i t i ne leve ls a nd eleva ted cyto chrome o x ida se a c t iv i ty .  
In pa ral lel expe rime nts , di etary pyr idoxi ne de f ic i ency 
cau sed a n  a ppa ren t  de crease i n  phos pho li p id me thyla tion i n  
rat  l i ve r  m i c rosome s ,  above a nd beyond t ha t  produced by 
feed res tr ic t ion a l one , eve n though the s pe c i f ic a c t iv i ty 
of  phos pha t idyle thanolami ne me thyltrans fe ra se a s  me asured 
i n  v i tro d i d  not confo rm . Fur t he rmo re , de spi te no  change 
i n  s pe c i f ic act iv i ty o f  hepa tic gua nidoaceta te 
me thylt rans fe ra se a nd a de crease of  k idney a rg i n i ne-g lyc i ne 
transamidi nase dur i ng p yr idoxi ne de f ic i ency , both l i ve r  a nd 
s kele tal musc le c re a t i ne concen tra t ions we re e leva ted , o nce 
aga i n  above a nd beyond t hat  cau sed by feed res tr ic t ion 
al one . S i nce ur i na ry c rea t i n i ne e x cre t ion  rema i ned 
unch anged , conse rva tion of c re a t i ne may pos s ib ly trans pi re 
dur i ng t he i mposed nu tr i t ional s tress . 
The resul t s  obt a i ned i n  this  s tudy prov ide f ur t he r  
ev ide nce t ha t  t he SAM : SAH ratio i s  a n  i mportant regula to r  
o f  t he me thyltrans fe ra se s .  I n  o t he r  words , fac to rs 
modula t i ng t he S AM : SAH ratio may i n  turn regula te 
transme thyla tion .  
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